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yji <ajJ: ^jjl t5>-i^JI j^ L^AjI 1^ j£Jj -i.iALfljJI ^j "■ ■ ,. .a ^ij jl 4_*^a>(_JLiVI 

.^pojill jL^al5VI oLcLk5 

t lLU /M,l . t5j L^lj l> J^I{.LkLU/rA,-\ J i t li^Jl t lkiJ/£X,A > ^L^ 

^Gj USN iSLUl J ftlp-, . ., 1 1 olfcU»iII iJlii iiHUI t|lKdL ^UJ £lki _^uj 
^1 UUJI j_^j JU^« ^J iiUJI Lakij ^L^ <JL-_,J li.i^-jj jlLHI li* ^ 



JJjJf ^Uji^O 
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.f IJX.J eLoj <LflLta ^j, <i_ijijl LAjjl ..-. nj <LijJI oLijS-o I J ■ a C^ IjJ <<LuLiijl Cl lj — I 

^ji JiLk ^y,j Lj-Sj^I i>« <^" jj^ N . i Jlo jL^VI JU._£ ^jVl ojfl.i, L*j*j 
Jj-ill Jl >LVI j^l c ^ij ,^>JI JL^iJIj JU^JI Jl j.ji I^Li j^ ,1^ 

•4^-AjVI SjSJi ^ j^iiilj ^>JJI v-^'j 
^lijjlj <cr iLuJyi ^j£i]l ^yJc ojcLu oLa.jj> <.a_>Jti I j^j-aj o^j5 „j^1\ cJJj jloj 
^ j->"hm"i .oL^jil Jj^i ^u Lui U J I oLfll ,:.</; ...Vl j-sL^ oaiojlj -«i "j l .a^ c .l.y,,. ,^ 
< L^-Iuj 5jJjac j_a <J I*a*U I <=Lkc jl oljlil oL-oiVI jiltlj I u — .11. . — t t.. ,LI I ^^ 

.^tlj^ll SjUiaJI j* JjVl ail jl£j ifefjjll oIjjj « 4* ' ' d " I 1 .'" JJ" ■"" ^ 

^n«.i .6jVjVj <j ^^o^jliji ^ j-oi^j ^^u ^ jAjVi £-« oL^yi j«l«: lu 

<-j-C.Lo_j_=>.VI 4jL-J-a. jJiL fj t i l CAS— o Jjxiiij .« n "i -. n llj Sj_mSll j>J"-o Jh>^J <JJJ 

U^° J je->* J'j^ u^' <e-^"Llil SjLoaJI oj^b SjliJI cl£ ^ .<uilii]lj •LjL-aliYlj 
■ « ■ »"■< ' 'i^LJI jjjjl j^^^ oU.^ ,> ^lill J.I - <unLL^I SjL^JI opU. »5 

^J .oljiillj jjUl JJij ,JjJ_ = Jlj£ : i_ cu i]l JL^ ^ ^LUVI 6_>Jj jUuiVI I q j a 
i-JL^JjJI ^ L^jjj JT ULiVI jj_^ ^ SjjJ^. C.LJJ ofjy .<UjjJ_ a JI .'K...1 I 

J.illj .j_iL^il c^^l^ul ^ULj jaJjJIj fjj^JI ^rLoJI ^L^VI jf^i '^j^j^'j 
SjUJI ^ JJj j5| _>_^, fj .^aj^JI cij: ^1 iJLi^JI a a ,UII o£>j .<jx.LL^JI 
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.J-iil 5 J> ^ ilJI ^ J..LLUI ^1 S^cj ^a " 6 I_^AII S^U*]!" ^1 o>j]| jl 
. Liai J^ii (» . _ » o . t-. : Jjjo jc <-o, ^'> ,. . 11 iiUJI JJi; L^il^l ,uJ ^ ._.U-, ..,-, 
^ _^ LJc . Lili U_^j ijjUJIj ^L^JI pi Vji iujSLJI LLjLoj Lt,lj*i. 
juli J-jJL, cJi— VI UL jli .^jl^l ^i ^jl^JI J^jl JJJ& i^uLill UiUI 

JjJI jU^i ^ 6J > a. > il Jjil jJia-aj .SjJbUJI JLo ^jl^a^l JJLI j^ "iUI J| 

•£uj*JI 

i^ill rJ ui Ju^jlS'i 0jJ 5 Oi^Vlj JoSl^aJI Ji« ^jLwd.1 J^liull JU^ ^j 
j .'? M . "it lj«LAiJI ^koiSU ^^Sl^uVI ^ biiu,VI ji i^oVI s .^-.i i oLVjJL 
,> .<il_UI ^kJl£ ^> L^ _,Vjj ,^1, Y . 1 ^j3 ^ j^L^ j) j^j, otSLJIj 
.Jail ^i J-UJI ol aJaxu n ,>j J J? , t . -, ll ^ SjL)JI Jl Sj^JI io-aAl j.^ LU 

S^J cr" 1 -^ 1 E^J h*& <j* Um£ _£*ij .£ '^V 1 -^ -oVLil^Vlj oUUla.VI 

..CAi— Ulj ijjfillj ^.L^SUIj SjLVI ^i <ilU I oUiUluJ Jlii ji . ; U-....; |^, 

.ijJiZ Lff&fcl <5^a^i Jl* LfJL* .SjjjcI* U^^^a * J <i,.i J .^.u i ^i „.n 

• oljj^l ^-.a. l^i j^kLj JLa.Vl _>;.<: Sjja-jx -Cli^j 
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l^ji all-. II <Ji OjjJI ,jl SjLit l'i«n in "-»■ ilijla ijl&l 4r- \\.~\ \ ■ jl,j .Wl )^~.... lj 
^i CAjl_c<aJI ^-hljJI i jMn OcLa. Jl ^yj] ,<_t^Hll < _i j Jill UtjjLxA-a Oj-ftlj 

jLJ t>f Jc. ^lijj Ca^I Jta^f ^f*j "«Ual**ll «U '.—H" ^jIjS _^ii .-. l'..«....l l ij .-. l;."...l l 

"To illustrate, he said, let us use the letter Q to stand for the 
energy derived from burning some 33,000 million tons of coal. In the 
eighteen and one half centuries after Christ, the total enrgy 
consumed averaged less than one half Q per century. But by 1 850, 
the rate has risen to one Q per century. Today, the rate is about ten 
Qs per century. This means, roughly speaking, that half of all the 
energy consumed by man in the last 2000 years has been consumed 
in the last one hundred". 

.iljJIj jL^ISVI ^ U^...a LIaa o^ja! <ij.^->ll jLUll ^i iSLUJI .-.i ? i_.i^ i 

.ij.ajJiJI <iLUI oUil^j-a J,H> /0 • - To ^y, .'H|| ' ■■"■ 3 t< -l\ .^11 j^LJI i ^LilLfl 
j*^* " jjij .^y^-Ullj S^L-aVlj .JjjjJjJIj aLJLI ^ •s.n'ij (jSUVl ->Jj-^j <'i«„)"il I o oJa« o 

•j^ Jtl 4IUJI Jl^l ,> yiUI ,.,j.m j^ L Uli. ^Ul (JUJI 

^,1 j£-«u ( _jlJI . "<L^al^lll iiLLJI" itllwaj .-.I . \l .^." al J| ^..jjLo La.La. i Lljl 

^yJbL. jji iijLa. p.. ijl iilis ^j* dj .A^ll taUoJU "cljjAiJI iiLkJI" LfjJc jlkj 
^j» pIjiA-%11 <JaliJlj .ajUJI jL^JIj IajLojI SLtaJI jl j-".... l 1^. tie l ,., ~, .iij^j <5Uo 
<_iit <a i iUI Li . L|jL£j l J$u «t 'n J I «_o <ia l^ll I a » . «i ■ i »!»"! I >itj < S ■ uliol I <Li LLJ I 
o^jVl jiaL Sjlj_a.j C lj^JLi .L4J Sjjjil Uju iUI I t^j-illj .L4J Sjjji_11I jj_u<JLi 
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■R" " ' " Vjs'-c 



-ai*.ioJi u»u.iyi - ^^uaiji aj>a > c^ ( ^ -^ ) j&l 
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«_o J-- I a~.l l j^"- jliiVlj >»i*Jlj Cil a inlttll cif^jl <JiA al <l1aj ^J] 5^3-coJ I jl«j 

" ir l a" ^ VIj J' -j Lai I <?'■ nil ^uoLic. «_o JxLlIJI fjQ in J n ->"i <LiLel£i 6j u nil ■ ''lj i ll 

SjL^Ji Sj£i cwjLi: .j.r.M.tij _>^.LJij Lr -iUi - &y£l\ jL»jVl ^ .it^L^Iij 

3 <r I -"■ -V I I ([ " * ■ a . 4 a i «i "i I ft Cjj l—!^aj 1 5 I J -J I j_>*i-i-u I J>o j j I J_II I J 4-Jj lj n" i n V I J 

"III "iL^al^lLI 2 ..-.-1 1" '(^jLjs ■:■"■'■ ll*j .i^lj^yij LjSLaJI .iaiLaillj <j j L^alSY I j 

^ ,ii.Yl A_o .ii.l.a-,,,1 lj h£U J--ai1 Sj^uo ^i 4 j»_iiU I Jjljil £* J-oUllI ^J] jcJj 

.<j^ojllj <jji*ilj ijjLLI oljJj>aD jLucYI 

~ l .-.I I u-a.Ha ^jA* i ^i <jjI_^| jLuJI /LLoJI ,-ri,i->1nil (^j^ill g_i ■ ■i * >H I j_a J^&i 
SjL«-jlJI I |j La ip ■ ■ ■■'II j>-* SjjLH_o oLojia-li r JLaJ ^juS* - ! i5j- i » 'i t I <— j-il "i*i Yl 

.- lj , AA.I I SjLoJlII ijVlj i<jl .Unil I SjLajJI Oe La u <L j) ■ A 1 1 1 

j ..- I „".— I i . . „i'i .d ■1^. I i tl'. ■ ■ >i«j i,uiLul ,j-o <Cjn^ n JaLJli .. 9l» i iftl i ii 'ift SjLaJulj 

~~<)\ l j i i ■ ■»< I i tS ■ mi l "j l i ■■'■ ^1 1 '■ ■'■ Ljjl ■ »"" a Jj '" ** ^ "I* LJj ■ *"» 8>J Li-*J '^ i3ij-i.a, 

I'll I *■ l j ■ al lj ' a'l lUjII "yo i^j"-l jl i Lo 4_&xJo^l a I i -^11 iLuij La ft i a-$J w <m m SjLaC 

■ I fl .a ft j «i J^j -d"l . ^ dl.U L4J Jc.1 .till *-a JtLilll JjLajj J I Si ■V l 'il I / 5 j L a - t .il 

"vji <d "j j^ a «l 1 1 (I'll j —"' ' ■"■ ' ~- ' « ■ -^ ) 1 1 j I ^ in ._! 1 U 1 1 ^.ijLaJI j I i< H 1 ib 6j j) 1 <i i 

. c LUIj j^jSill .JiUII j»-^._>H 0LL-0 

y l -A VI , jj il 1J l_ > _aJI i^ljlLi .ij.nl n J^il 'iiS jiLoj v _ J _ll I j 1 _i Ul I (^jLVlj 
^^Ij^aJI ( * Laj-a-cj .«_a_oJlj .3 t'ljll jLl I j^ftj 'Jj ^j ,^i_ill JLaJlj , Jj ij_ojLlil 

.Jj^jllj u^LaJ.1 ^k SjiLc Lu . I11 -> 1 1 JLxll «_o JtLiLiJI ^i l».u "i .nil <jj_lL_JI 

. LijVjVj hi .^...a'.ll ZjJ\j 
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^ i l_^t-^l2L^l*Il3jU*UiO>.-ai^L>.l3Ji l >£jLi(T->) J££ 
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.tijiaJlj ii^^ll iii.LJ.1 _^»HJI U 5>>a l^. a . n . rt'1 $L&Ll ^Jl J^A^ll SjL*JU 

.aj^^a mi :; i^tlJI Jh» oa, jajI ^1 <JIL .oLijLaj! jj, Ljji L. J1j < j«j>U Ij 

J£ <ui ^JJI ^1 ou " iS j&u£\ oiL- ,> ij^^ i^**"*" d^i L" 1 - 4 O 1 -^ ^ ^-^J 
<Oil« .ft^iij <4^ ^. o"i -> 1 1 jljil ^,^11; -i^ 4 - cSJ 1 -"^ 1 J^L^'j ' tr 1 *-" U^ 5 J^=- 
^I j.a^I I SjUjJIj .Sjlill fj^Lj V ^>lill ^ o ". -> ILfl ,t>jj J* ., s >j t>j±i£ <j»-1*jV ^> j-* 

. j^ijii jj.^n ^ji ^j .i^aii ji c^jj-^ai ,>ji ji* i+n* 

<jjjjJI oLJI j— »Lt 1+a.llij ^1 C&jLZ. ^1 <aaJ' SjLuojJI till? >h jLAiJI 

.Seljj <jj;J SJjJj <£>*. <ioL-a .CilSj*!.! Jl Cj>L-aill jl ._jxJj_>JI 

■ SLxJI ,>> j.-^^V l oLJI oLi-a ^ Jj.^-JI >* S_,L«*JI <> ^JAfll jl£ Ijlj 

o-Jj ^ < « IU '- Jl j^-oj c*^ 1 '-' -" ~ tl1 >- a -* JI *-*l±i J^* <i~=>lP-Hj .<^;J-iII 
.Jlji^ Ua.jJjiiill JiioLL^olaj L*i^ \AV Jl>=^^ L_*iL J_tcL<L^I 
,ij±& LAjI <jlA*1\ ^jj^»- Jl L^ -^^^J- 1 sjLajJI/ftLiaJ 1 ^-iji"=> ^1 <jjLoj <jjli 
^1 -QLl^.1 -J^sV LjjJ.1 L^jl .^.f jiJj .jl^iVL <_^iJI jL^Vl ^ SjjL^j 
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oljLkill '■■I >->" ■■■! *Z ■'■■_■ -> <o.An <i^ <^Laii!>li; ^Ij^a. Jj-a iix.ll^JI a^jiJI 3^11=^1 

<<nk.AH jljtVl olj <_iUn'ill oLclludJIj Q.jLi.JIj oVVIj _>LkJL J-aaJI OljJ ^1 

/ 

,i . . ■ .Lll jjljJJ iiI1(j"wm~i Jill coi^ll cUj jj_a »jji "il I j aji'i^H .7.I r I '...-> H j^c rtli 
1 Lg-jl » 1 "wnl % il-i"i ■ n"iV ol j eSj JjSj »J oljLc ^ ^1 "1 i"u << '1 1 ill jl^)_i_o ^ J^LLkl 
La J-*J 1 ji -> 8 1 1 jj^J **"» i'i'i jljjl JjjjjSJI .1 1 1 1 iS I (fJ^Lfl . Ijl 11 jJ-aLajj ij ,< >=kl oljltj 
Oil I JjC iSj-iljia O I 1 oS 1 CH* ti ijill hj\^.JjjjjJ I ,1 >■ "IS I j JjLLJ,l jLcj . }Ll8 -J-^>j >J 
*jl_i^J.I jlj-a^ <JJ ■> "1 ■■■ 1 I JjJJ ^ 4-JjlJ.I JLa^Vlj (_£>iUI oLLa_aj pljl j mllj 

.ijfclluJI jSI_>ilj 

cJljVj <6j 11S tliLikj^j pl^JI p I 1 01S Q^ji'i i6J_il^)jJ.I «1 ir l*» ■ x 1 1 d I- ,7.Vy I d — ,"'.j 
d ■ f I ■ . ^11 .^. I i \i ■ yV.aV I 1 1 Ua a s "> jU'i \} I a , d_a I \" . ..1 I . if d 1 * '." 1 1 Ui . A .-.->" j ■ •"." 
.<jjuujJ.I _jiii]l <d-3.J Jj> "ajtiillj daK-ll" JjVI "Ulc JjlL, La Jl _ > JLkll I JjjJ 4.j l-v".l lj 
Jj mi^Ij ./TO j'ji-^ O^J^" ■'■■ii'nI ^Ij J-sJjJ li-uij Ojljj] Lllcj I inilaL I Ja a 
1 1 1 11 S I jj Li j Lc ^a Jj I t-i 1 1 La J 1 n 13 / 1 • • j I JJL&J Jj I ■ ■! I j 1 / ' ° 1 1 jJLaj V|j " ■'■! I 
, 1 _ > ijVl p l-i. ii jjj ^ N^ ^Jlj_a-J Ifl'Sniii jjJLLIj . "ij^jjaJI" el^dJI <S lU ^ JjjjjSJI 

^jYl 4aj ^ ^J^i' u'j^ 1 t*Jf t 51 ^ 1 'i* Jl ^^J -f Lt J* ^ CjMiL* <JLw 

. d .^ . ,-« Q . » ! ^ I d I I I i .. |V I 5 I 1-^ I I j I jAII.I I '.'.At I ftf I ) I* I 

^\ ,a.\-t~iii,o S j n lr dJL^oja (^1 J^i. jQj ^dJI clifill Jjt ^I.h'iV I SjLA^JI ^--" 
cLiJI jl^ ( _ r >- =>-a i-JJ_)J> o5j ^jj . I fi "11 l r Lflj lj"i_i ^ JljJw ^Lj ^JoUJI JJJL ,-i u_i j] 
-■^i ao^jil jji oLaJJjlJI OJLS LaS dlj^a^JI jl ^jlj^JI ^j^l i-tWI c- j .Aj-a ._'j .^.1 
pjLUj oljlj-S ^jJj eLaJxIl J-waji ^^C ^j «-ilJI ^ V^->^' ^J- 1 ^^' Lf* JJ -'-^' ^J 
oljj^lll ^ j h'i l l aJLaJI ^-i oLajiaJI JjLaJJ Jj« f I . "■ -> I jxj j ■■« "II oii *Z .ijiaj 
i»Lc jj-ftjjj^j ^jii .^a^jLajS^J ,> l"i n n £ Lla jJLc To • • J^a <JjSj> JjLaJ ^ij ■ d ■ ^- 1 ". I I 
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d ■ it-ll SjL^ajJI J j 1 ^ij3 ji j-cL_uJj J^ ■ n't ^-SJ <Gjj_33 i_ i-t_i La (_^>a->j ("L^iLf. ■- ■^j 

JLa_a j . uoj (■ lyi ^i 6 >*iulllj * "• I ■— H d ..Lll «L ^ , ,-, 1, 1 SjLuJI f- Ijj I J I ii^iil 
s^J '"* * » Lull ^jj) mi <j_,LaJlil LuujLJ.1 JLa_a ^i <1 Mi.rijll 0LK1 (^jLajll j%_iU"i ll 

JU_a JL« <£j. <<Jj-^ail ijjLaJiil 4-a.UJI ^ JLk. ^Aj) (_5jLaJ«II oilll JL=^a ^j 
L^J JS ^i ifJ&M l^i\ JL=— l^-lj «(tfj— all wjVl 4^1-^ ^i ^^.aLJI v jVl 

■ - % 1 ,-i 1. 1 «_i"i-» 1 I e I ■ Ar I ^_i Se LU I <S j I 1 til I j jimmil I 

d ". . 1 ^11 .-.I .".a "II olJ-J i±i» -» i«t 1 r I'i 1 nil Sj_a-lJI Cj5q ^j d, | S 1 T i 1 I jjJ-a- P-^-J* 



rLiiVI -■*! «> * JiLi^ Jjx i^LllI 3'i^jllj £LliVI J^Lxijj^a JjLjJIII ^ 6j_-al_all 

pLiJI ^ JusLii .aA. iA ^Lki jj_aJj lla JiLk Jj>j ■■LJojuJI ^c IjLaJLclj <ia_=JLj 

Laj .uilj-xJI ■* I ' JJJ Sj UQ 'II ^-i ,jrifl'ill 1 _jiujJLiJ ^LvoiJ ^^LiljJI r Lill ^k aSaJill 
_jlj Jjjj d»A. ■ A oliila-u! <t ~n.il .tk .All rl^V' 'J-* 0' J J*™ I '-i* ^ HJ* P J"*'"< 
6_j_ii>.Vl <li.» <jUI ^ <La.Lul <Ui jjSj (^ollj (_£_j-S^JI Jj^jll jl^jJL^V JjjjjSJI Jjm'sl 

.}L3 pIj^JI ^ lj_a^._»^ jl£ Lar. SjLjJ /TV j Vo JrU La^ 

SUiiaikLlj-jilH Y-Y-> 

< l(] .a (^jlj^JI (j"l -"^1 S_jj»Ll3 J-iS'G _ai^j Ji.AjVI SjS^ll 7x U..i ^^Jt iilaa.VJ <L=Jij 
I Jjoj .j^jAjV I Jjj d".« .'.I I oljLiJI Jj-4-i 1 I iltll J^JI Clljjja uVJ p ""ill Ja-> 5ji/i-^'it Ij 
( Jt JjVl jj_e Jjja.j_a <jj .nil Jjl_S jl J-iiVj <jj mil SjJ»LU I .Ail <_Jc ^^f I- 
jji 1 Lftjlj n"i 1 nl Jjtj j^jVI -It SL^JI 5l_JlJ JjC il j ,. * > ml Ij «<"i« ill I ^IjLiJLi ,_j<ajVl 
j I j Laj . JjjjjSJ I 5_)j jj p U. I a jjj 1 1 n (] Ti jjjj j^jj jSJ I 1 1 1 1 iS I ^j Gj p Li I j Lk_i L-u Lu. I 

jla CjIJJLj 1 Jjljjlil | _fcl'iinll Jal . til l I Jj£. nJiL cLiV J-*J dip-til jin til ^ cilj Jjt 
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i£j "■ ■ ■" I ^'J UUUJI jLU.1 JS ll^j jSLn .^jLiUI j_>Jill ijL^i «_o SjLj j-a.Ij 
Uk ^^Lcuj Lax JjjLJ.1 JS j i»>oi; oUuti <t rr.M.jj j-a_Ji «i~--- j* s-uj-ili 

C^" tr 1 * ^e,^ 1 oljLUI olij^j oUUil ^ LlUS JJj ji!)a—j . jYl jo <tSlja; 
jl .Sjj^ l—a—JJ J*^3 ji jS^ j_kLU Jl e ^jj j* J_^j j_Ji U ^LULj .,_>AjVl 
tf >.1 jLL* ^ VI l^wlnl jS*. V j5L ^ji J <^:UI J^Ull ji LS . 1 _ >U S*JI 

ji dLiV jkil . Lfl Uoj*ll iajsJI ^uoL*JI j_o Uj^j <J>^J' <j ■ >UJ SjljsJI Jfc *Lu 

...^ ji.U»^j^UI j* jl^ jUi. (J ifjlill£l^JI JUo^oUJ jjLa- 
^i. oLULjj, tjLL^j cj^aljx. jo <^LUI jU*iVI ^i oUdu J JL»JI p^JJI 
jo olj . i . -J lj oliljj-rJIj J3-1UI ^jiiLiti p! a"i \ \ Jl ^ j} _> , „ U jAj .LxJi^La 
0' "-*W * ^*J -5 . ) %"u iil,l olxa.YI *_o Acljli I4I0 ^>a.i jlLic. j^U- jjj ..^•.Llj, 

.<lm JjjIo jG-^j < " ■ »-> iio oljj^oLu.ill cUli.1 S_^ALU ■■•'■'■ 

1/* ^jVm 'iH*A3 '%As kj*i cM'j .<K.UI 4J.LJ I \ nJJ i-, ^ jVI 4^.li^ L 
L3jL3 Jjl _^. iliLii gjjja. jjLau, Jl oUtfl <JjU_o Uk 01 LS . LjLJ oVjUo 

Ollj ijj^-JI (7 lj_oVlj <^UI oUl^ilj pIj^JIj ^..n ,t,IU . jVI <U_8 jaJ U J^J 

Uti U fij jxj Ujlji.1 ^u-I ^J cduSKoj jo U^£j ^jVl jLL Sjlja.j j^JIj 
JS^ UIU1I ijjJilll <IIUI ±ju£>J1 LJt . jYl JL* - is.-L-j s_. Jg oVjU^, j* 
f-»i ja JiUlj oiL-aljIlj jj^Ij tyuLuuHj SjLVU .Sjjo^JI jl£iVlj oUil^VI 
oljL^JI ^1 1^-|. ..I ,> J^JJI ^11*^ jlliVl v _>ilj .iiUJI ,»I.Mj-....l _ >J ^Lc. 

• S^Ull Jl« ^^ . n-il lj ijjl^a^jl Jjll ^j Loj**i.j ^La^JI JUI Jl iij^iJI 

a" 1 ^-^^ 1 L*^l ^ J'J <J*U *I>*JI yJ SjLiil LJJUJI jljil cjIjjI I -Kj 
jai^jU 6la^VI jl US JtiijU j^i <iilj| Sjj^JI j^ji: ol_^'G ojI^ .t5jl>JI 

<5LkJI ja /Y. Jl^aau ftjjoiJ jlaj ji Lo ^i^^ U_>5j Lliax ^ 6 Ij^-kiJ I SjLoaJI 
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0*u iji^si us .L«k ijuju jis ^^sji 6 ^ijji ji - s^o jjVj - ijja^l ^^^-\ 

j^iiJ j4>UI <lixlll Jx«_« ji jo Ijyia. aUj .,_,,, „-,| I jj, jLS ^U^VI LLilll 
■ =■-> - ^ j' '^ ^j ."•U-attl <1mu wiVVl 0jJ iuJI ^ Jia.jl L« Jtl'' jjSj jS juUII 
*iA , ' ^J J • S^ J • J r C^e ■^^j'jj Sjl_>^JI U-jj ^ SjL^JI jl oUuljJI jo _ > Jl£ 
j^U- ^a^U. !>Ui ^iji Jl j Jt p Luj JLilLj .Sj^Vl ilcJI SjLfl ^i (^jj.,,1,.,) 

j-Jl-C Lfljl" J^aj ^ ii <il 0-. ,. A jl US .<ll^, • JS olj'm.'iwul Jjjuaj jUJI 

^ul^vi" ji g ? _,v l i ij "UjVi c*iis ^^ , \o <i^ jij . n^a. ji« jj^uji ^i .-.\j\... 

* 

ijLj . Lwoj j oUjj i^ti ji iojiili <a« <:ui iiLfi jjft Sji^i ia-jj ,_Ua: sk^ 

Op ■ '^^ y^ JJI '^*J -"LoUJI <t > <^ ? ^o <G_,d~oi Lo Jc p LLi , jV I <uk ^ji u 

LT* J^'j J^ 1 CA? Lo <a.jj jj^ifc J'j-a. JLa-o Jl vjltjli Lo^ot SjIjlJI oU_,j 

J ^LUI <JI J^j Lo ^-^il jl jji jl jjVj <io^U ji ^jU-immj . hull, , i_, ir , 

J5l iLuajVI 5_>SJI jtJaiu SjljSi <Ui cJlS Cjo-U <Luj \ • • . ilo .iiiuLJI ^ j.^.H 

i> 5 >f^ oULm^j ( J a iZ oilS j-^tll jij . jVI «ult ^ U. oUjj ^.^ jl oiU. 
jlj . I^lo jy^Li J'>=^ Ji' jlS ol U.-J I £±^ ^zjIjol* jij , JUJJI SjSJI ■ i- ^ , 

cLOJI JA; ji Jai - J^j«,1 Jl iuiiaJ' *Jj-^ J» J-»f j"S La-jlJ.1 ^^SluV I j^JI 

>_ilj_^.Vl ^i oi^i jLUill U» J j.^1 JjJi: ^Jc JJJI jij - JUII t,\j^^ 

Jlk, L jJij - jJaiil <ikloj ^I^Vl <Sklo ^ Jx-ijj'VI _ > =^JI oULk ^ Sjja.jll 

jl | -„U-i . . .V Ioa Lli_>c jl . JUI Ljju^o Jl U,i_, J_^ ji Jj - ^j^UI <ult 

•UiJij ol_>jii j- < «mn ,i JS Loj I mSIi'io ^ ^jjljjLjl jJ;iilll <JI J-^- a5 Lo j.tfl'. 



^11 jck^ ^ Liijl J j^S^u _^'G _^ij , jlSo JS ^1 jJfLlll J(l hj,„ 
J*° J! J^e -"» t^J 1 " 04 "L^ 1 ir.^?- ^>»J • jVI j-^.^ Id*, ..uLJI jLjj 
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3f_)Ja Jc _>-LSl jl >. < ■ <-.'> II J I ^lj_i_I_uiVI ljj& ,jAj a i "i jLi . Lj-l^ jVjj J^ >li 

J iiLUI jjj aJLml Jx. gjliJI liijJlll 4 ■ Vi J>* JJii ji r LlaJJ < i ■ ... hi I .-. I a. ^ .^",1 1 

.Ljluj jVjj JxAr^ ' " ' vj- '- J _>^? Lo jffljj i_»JLa_i < l _ >u jjjJI Jl iJLxll 

I ..1 ail ^1 jl o 1 ;-. ...VI ^ -, ,>- <A^' JWb 



uuj 6JjJ_aJ 
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- »■ uiilll J c jJI <J.o.r ^ JjVl iL*._JJ !ii=>-l>o d.>C Jl i m.m'iII iiLx. ji.uiTi 
,j\j <5LLJI qLqI i->") i .J ojlj -lis < I j i i&j t_'_i- Sail < j I ft r jjfij J)^' Jc- (_gj^~>~' ,j-*j 

mx ^u jj .JcM-^ill j y.x JUI c&H«il j* jbil ^i mv . w\ ^l 

iuiliJI iL.JI Jj ./U JjLju UUJI f l.^-, ...I JU*.I ^> jpUl vJ . rt -, jL£ 
J] ^5 ^Loil Jlj j^lltl > ^UJI .LiJVI jl^ C LUI J:>U. ,> UIL1\ dif3 ...-. 

Jjlj Loj^£.j .<_iiLj»j <ilk sliJI f-5'j-o Jj jlj.' JiJ i:ll()"i UU La£ . .In m"ill A-ilj-o 

jc <lj\ mil jju t _ f 4_s JJjJj .<J.L*JI <_SLUI j* / £ • jt JL Y Lo ».>^". ...-. JIJ.I 

L$j| La£ .^jjLiJI Jjijll Jjl_>jLaJ O^ g-*^' U3^J^' ■>_■ '"^1 J^ **' _' "^ oJj ol » i'iI 

<Jfl \j_JI o-> j o j 'in J-j-o <Ja LLzJ I * l ^-v~ . ..V <i t . il -n.1 I jGV I /^o > mS 1 1 />£. ri I* ■ . .. » I . A . | 
i.ii 1 1 1 a_a.Llo J_>x <-ol mil jljil -—>j i imj ijL^JYl Ji jjj i ill I <t_cLilj , cjLLaj ' tfMJ 
^U.1 j^ jjaaII JJUJ; <<jJUJI <la.jil ^j .jvajjl jljl^.1 <-iiar. ,> Jfcu>J! iU^lj 

^Jj iiij (^y-iij l _ y au,jl\ cljJI 4_a^jllo "Ult jilaj Lo Jj-o 6jjUi <LiLk.lj Cil'i n 4jjiaJI 
4jj_fJiJI ij (] -\) i.\,\ i "i ml JjLi i^jJ-LJI (_gj) ~i ml I ( _ r l£. 5.1 j J ill <-^Vl ^y> '/X • 



.CiL_JaiJI j I mjViIj clj-f] ,_J| C5J>J L« 'j^ f 'j^J' iflliaj ( Jt dUal-> Jl 

— ij ■ ii "i jjl J)^;; (t-jJ'j Sjjualll <jj ■ At 1 1 CjLjSjJ.1 j^-C-V I A n\~. n uJLil .j"' ^"j 
JjA ja£l ^l JjJj CjIJj^jIj jl^II ajjb a^ljij .CiLiUJIj iQVlj J^l?. mil J^Ll ji» 

l _ ) Aa_J ^jll iS±y° o**j * '" I c? J J^ J — *J •|j^' — ~ 6 ^* C-^^^ "O^W "'^ *j-° ijl— • 
^J JLLII Jt jLUj^JI ^^ ^jjOII cVLlzwl SjLj ^Jl SjjLUiII Lj..Arll oL£_J.I 
J^IjpIj^JI JiLlcl 5 ? ri-i Jo Uil <^I^V lj <^kl I ,JJl£iJI J^i jSj.^U.1 jLfaJl 
^u, jU dJj Jl <_al_^,VLj .fU JS oljVjjJI > C^M-JI ol^i^c Jl jj.1 
j,t Jin; ^yiJI ^l^aVI jLii^l Jg. . . i ij j5 <_oj^J.I J^l Sjjj j] jjjilaj l ^ia.l_JI 

J-JjjJ i— S j i ni < i i A ^^ I 6 jjh «l -k i^-i OJJ Ijlj . lj'J^'"'^lj (^jLaJI J_>aJI Jj-o - I a_d_l I ^j Ja 
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JiLJI (Jia-o ^1 <J5UJI ^La^.1 ,> /No ^Ij^.-llj ", ...jCikLiuVI £_UaS j\ 

L^j jxLIaVI ju^.1 ^IjiliJIjiiLyi c LUl c»u 0.L4JI <S}bJI -t^illl ^j.^LJI 

.Uic Lik« ji~ 

6j_j_ua w 1 i Aj j ,J!SLojj 4 li_i -t 1 I < 'i 1 1 1 L GjJj i_u 1 111 c lj_J I J lj_a r Llj I ^j I Ji^^Lij 

L» j3jj jj»j jjijJI jljla.1 oLLc J^i 6jcl ni'ill o'jli-U la-LU ojJlJI Ij-A jfl ^-- 

J]jJ ia^il^JI <£LoVl j-j Sji.^II ^.1 mqJLI ,> <^»U. J>? JI ^ ijJlII ljj» Jfl u.. 

.(cjL^i — ^jIja^ — JjLiiilJ 

' (!»*>•• (>j3Sl) JlfJ* 1 tfjSmtttflB --*. 
jljlaJ 0- g2lill Cqj£M ij-i-Sl ^iB j] j-aJ Jlill J;*^ ^ki ^ILJI (^j-,.,.11 

(JJjSj ftLJj j J 1 ■ «-» n j jLjJV I OJjJj ^ i_ii . n~i") 4 1 ■ An -t IjLLa-ol yr "1 '1 1 J^l Jp - | -. -v al l 

•oLLsJI jj a '" 

JC juUI ijjlll JJSll ^Lil £LLS ^ ijjlkjl JA-iji <jaAI ^Oo ^..Vij J^ Ua 



- Xo 



SdjJjJl JaUo - JLfcJL^II-^ySi - ij>«Ii jr_^i - uiULJl - jjL. - J 


l-«j 1 • ' uJAI a*>**il £4« 






<ala. Xo^jTVOj- • • 


.L^^ilJ 






<±^. \.MV.lo°\. ... 


jHu.^1 






«ui ? .r.r.i rtv. . . . 


^Loa.1 Jx 


3 jjjajl .la^uJ - < 


JjAaJl Lull -SjJjjdl-ij^^-jaj- J >^l-Aj_,Li > i)l-iI_,U. 1 iUJli)li£. > »*ilJa. 






^i?. iA.\ri... 


P L_^ 






<±i*. XoV ivv . . . 


J^-^J 






«^n\.w. .... 


LT 1 ^! v> 


^MlaJI j«J! - Jj'Vi £4*21 - Jjlj juiJI - 3j>SJ! - <U. Ua2Jl . «5JU}I ic j*=U 1 JJ- 






4^ rn.\^r ... 


^L^SJI 






■ui?. N . oYV £oX. . . . 


J&-4J 






•uij. s.rr\.A"\v. . . . 


^M^> 


d 1 t "^ 


Wo 


. . X. . . . j^.L^UI ^ jLuLu 


^^U^lo^j^i^j 


4^ X.'Mo 


0A0 


... ^jii^yi^j 




<■!». A.TXA 


NAi 


... ^jfUJi^L^yi^ 








^Ija. 6_jji jji < LoUII iljljj. 


v> / x • O**** 2 0*>J*iJ 


<uia. \Xo . • 


• i- 


• 
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...^ ^LJI fJ « ua3 ok, tit Jc J-^xi <iLU I <r^ ja jLill ^-^ s -£* o! 
Jl J^j .LiiJ > <1^ ^^ U-U ^JJ tJSfl i-iSHI jL^VI ^1 USM 

.^^11 J n\jp ou ^i gat**} 

: J III l£ vJJJ cJ ^j->l"' jS-°iJ 
J.v.WI 4_,|„.l 5JSJI 4.«K".II V L^ -\ 

d'. l , ,,-H . J|i .^."11 << fll*S~l >_)! i lit — 1 
.^ojlJI jl r^L-aVI iflJ£ ^jLur». -V 

L^l ioA 3JUJI Jalj-....! jLl^VI j-i XLh jl v^j oLcjy-ill f^-H 53 jM l:J 

.olcj_>xiil .._.«-■ .uc JjIjaII j»-4l oa.1 _^1»j ^Jll (^jL^ISVI 

> JU.I aULSaJ _^iU Sj-^lLI <iUJI f bilu,tf oVLo^VI j* _^ Ja.jj 
I a -.. s. l a-.. .. VI 2 ,i,< i^ljjj oUQJI 6dJ» Jl Ufcu >^JI ^?e <ili 121 .UlU I 
- ^ - JjjL.) JL.JJHII oliUJI f l^-,...l J^ dlj£j jUI J UUJI Jjm&jSI 

Sjaa^tl oUUJi iJiil jj^k; JU- j s^ oij>k; c&ia .s_^Vl Sjiill ^ 

Jcj J Lai I Ioa ,J IjjkjS ILj-i oxki ji 5^1^ Ij^L jl .laJj L^LjL-alSl dJjSj 

OUUJI 4-Jii} .^U J-il^i JL*-o J Oii jJ lj*aS Ijjki jl d^J j^-« <£jl*-- 

: Jlill Jjlx.h Jc I4I0J Sj-laJill 
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. ^Ul ^ %Ittafl dl!^i«l ScliS ^j J*-atl - > 

JUI jl j^ijijiaJlj^LAJI J jL^VI oLLu^l p_*i jua.1 ^^Ul jl 
JLa jl ii^Mi <JjjU i.jLualiVI i^^ljJL^VI Jl ijLuj .^J^JI j^^U ^jUI jij: 
.ttUJl dilfL-l J SaLj JtULyctUiYI 1 LL5 J Sj^ SjL.3 
JUI ^i iSLLJI Jj^iu,! <aLjS h^ijj Lja. ol>^ ikV Sjj^-i dLu jli IjJ 
J ri 0" J^e J 1 ^ 1 J ^L^ 1 dW^iiJ S,U£ Jl Ji.J.1 j) o^j LjiLflS^xaj 

:Q<-al-^"il 

.i^itUI L=w J J i> iSUI J jIJLI v_^il jLi^ljjtjft.rt-itl 4 L:l (| 
.jLui^J <^IJI j^a^U <iUJI ^.lw-,,,,1 5*US 6U2I (._, 

» ^ui ^ aiiiaji ^ip 3^ jLiii ^ SjSjti jaIjjji - y 

J JLSIU I a^,^ J^l ^1 jL^I Jc JS53 z^£ Jj^ j^j 1 j^^ 




triUt) ^ "XMbft Ju^jZ fata jLI».l ^,1^ »jS^ii <>l|4rfl ( T- > ) JSLi 
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3 j jl*HI AJlLJl 7l*\Za\ 






... ft ."ill Q' -» 1 1 1 ". H j»UaJ * 



5_.«j.Ul I 6pL^>VI ^Iki * 



4 ii ii n i till .-.l'.l-> . ..II ^ 



<.,..n.7.1l CjI mil-ill LJul * 



Aj.l.DVitlJjIaJI 



oLilll -X 

- i i_.<n -r 

C 'j' j** ' ' 



oL.1 



-sj- 



oli_£il -V 

J lij -r 



j 1 1 1 1 *> v i ,3_>^ — * 



S»L 



Si 



-uiVI -> 



<^L_^J| 



oLil 



_^-\ 



C L*£]I 
jliJI oLjU^uu — T 



Jj_ull oUik -X 

Jjj^iJI pi mill — 1 









^JLil ^ -v . i i ". 



S*Li,VI 



,UI 



a Li I <Lj*j 

(6LJ.I £*i) 



^L^I^S^JL^(ol2lLa}t2utaJt(ktai*ly/l2LulS^t (T\)Jji> 



,*Vi 



.d . ■ .. ^ .r,f I , - , I ', I -^ , , ■ 1 1 — 
.5jiMni7.ll <ili_JL, aLil i.U- 4„h-, j - 

.(ol&UVL lualL) SpU,VI ^ 5.,., n ,t.ll L^UJI .I .--... I - 

.pL^SUI jjJjIJ rLi_>JI LJiit - 
l«-— l>ij jl^l ix^xL JJlSj ^-LUI ^ j_^_j| ij^j SjL:> ^ ^ jj^^ 
,> L^^l^ oLvLl^l ^^JL, ^ i_^ j>, ^iUJ ju^.3 j^n ^ ^ 

.Sj^lll 5j«.,UII oULkll .I .A.-.... I, <5LUI 
^^ ^jU Sjj^lll oULUI Lokii ^jiju^ljiiu,! iplij j^j (T-\) J^ 

.^UI^oLuiVloULl^l 
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(jiJJi j\ Cj uji >) J~JL ,i^ji ^u^i jje (r 
cW >^J J^L, Lf? . J LkJI pI^JI oL»j— Jfi£ (* 

»l* 

^LuiVL 3,...n.t.ll 45UJI V L^I J^ (\ 

(JilJI Jl EJ UJI >) J^jUL Sjl^U jL^, J^ (Y 

(JilJI Jl gjlill >) J~JL pIj^I jL^u JJ& (X 

■ a ■ ■ —I I ■» " •■"'! < -j(] '■! L r ln.nl I ( I 

J ■ ~» i~i 1 1 ,/jj jia !JC Jj jjIJ u r I n i nl I ( 

9 IsuJuVI Jjj^ O^ J i^"^ r In.. ill ("\ 

J 1 1 fijll L ^yo j V I ^j^o Jj_^iIJ Li r- I n. nl I ( V 

Techniques of Buildings' Climatic Design 

(Use Neighboring Land, Vegitation, Plants and Water) 

•LijliiJ I r L^l I j^». — 

I a , . ^ '.■! ! J 1 1 U" — 

li,v..rt ^n. IL iLpJ.1 oUUinll j* iu£*ji\ iuiVl JJH - 

(Shape & Orientation of Buildings) 
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»>> _)JJ^' SjxJ^aJlj .iiLUI £&V iiuJ^JI j^j^aJI (^Aa.1 jl jSiji jl oaj . IjJ-i-lj 
olj^Jalll ^1 fcaJLm l £-oj .<Uj^^ij_j^J I 1_i ,.i n .nil L^LaJI r^j o* if* ""'* "^'^ 

LiUJI JU.l ,„L *L^£1I ^LliV <aK'ill L > a ! ttou JUJI \±j> ^i J&i .i^jlj&U 

.WA- alt jlo /^ • ^J| i -■ I ' '-'J < nii'ii 4 unmuM 

UajJjjSill ^lj %"i , ,il £_a <JJ^JI ^I^J ^1 CjI n_i n . .-."i ll jJj-a-J ml jU . Laj_o^j 
JLJ.I J /V. jljJLoj iSLUI atl ^aJ m l ,j_o ^j^LLj ji 6,1-. ".II oLVjJI J L»,LlLI 

JJjj .^jL^UI JLJ.I J Jfft. jlai^ ttlkil Jill ^I.iV.m.VI > Ai-=.jj .;_■-<■■•" 

<jV_jj J-aJj-s. <1jJ_o ^i 6Jia_lll iiUJJ ^J-ill Jo.»il J cLaLull .-.lj ■ »a"l I a .L 

^Ld) ( njq.rt1 ^ cy J»Utt ( »SJ*^l^LJ2jY-T-> 

^Ji I _>_o_aJ lj ^jLa^II jkJ n . rt'il l ^llll >^ -."il l JLa_o J 5jjJ_c oLilflJ »4a "i m"i 
Ja5LjJ.I Jc J }.'" 1 L* I fl ■ " J fJiljJLl ^i """ij UtU-t'n ^jl* "n La LaLb iftjoljllj -jLj_oII 
<—aU.j ^LvJ] ^^jUJI ^JiUJI |> i j . n . ,^ J (*^ -»"'.' L-o L^aj .^LII Jlij SoSiVl 

.i^jUJI .-. U-.al l 

el^u l^al.i-^'nuV ol_i\5"ill ajjt l([ ilr Cii'ii JlJI v_flljj»Vlj jliflVl ^oA-t | _ ) ^ j«'.. l n 

^Ut ^uM*aj ^ >wi ^s^ai CjUmujj^j v - y - r- \ 
Strategies of Buildings' Climatic Design 



^IjuiVL iu, m, r.ll <5LUI v_.Lu^L ^Lo^JI (\ 
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i 

(Use of Heat Reflective Material) 

I tt_> . .-. 'ii..i'i < \ll Sjl^l J ■ la". - 

.lLLiol^laJlj^lJ.1 ^ 3...WI &u&Vl*JS*5- 

(Solar Control of Windows) : jii^jj ^.....» ti x^-.n ( 

iujlaJI o^ljJI ^yk I flnjh^ j <^jjJIj ijS^I oLfaJjN ^JL oUiiJ! JJi: - 
^Jl <iLj,yL *LLi IfraJaau j Lix^a <_i ,,,<,. 5.1 1 ixJiVl ^ L UaJJ <3lkJI Jj-ii^ ^^ 

.plUi ^jLLU JiJjJI J^o SjjiiJLI Sjl_^JI J i la" 

.SijLUI jj^iji ,_><i_>ij JiljjJI r L^.j J^jt A X^-.l l — 
. e li.i <■,.,,■ -,< ; 1 1 tu&ul l SjuiVl ^jh*".l i^jjl ^iijVl »l w-.. f l - 

iiljjJJ ^IjJI J_-l^-l l - 

Jil>JJ ^jUJI J^l JiL.j - 

iLliJI i^ui^lj <jiiVl ^..^.i i ol^-lS - 

<S^lil ^JUI cJ^K - 

(Solar Passive Architecture) a......i.n <*j£& ■'■■■" r i > -l-.-. vi n 

:,»jwill Lil^ljii^-xJJI obu^ljJail^JI .l^ki^i - 
(Use of Solar Walls, Roof collectors and photo Cells) 

5l.nV\ll 6jl>JI -•£•' - 
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■ & »■« "» ! I ^j nft -. t J l _ / i>_ > xi]l JjJSj — 

c I V i. r il I jnfl i "J ^^ jJlU I * . U«*^ — 

c LLii r- L J I Va a — 

» 

I «_».<-< <l->"iiil I S.«,.LII <j^]|_, r- l ttauJ I - 
^ " ■ <""" ' 4f?\>"' £-° v3*'>" '- '.'* t .' ^'.'nll <LjLiall oLcl^iJI ' •'■ -»" — 

(Natural Ventilation) ;_,.., li i s.jfl-.ii (r 

(Free or Natural Convection) ^...li i jj t ^_,i_ >a ji j^- ji - 

(Forced Convection) fjijll J ■>-> !' - 

(Design Principles of Building Thermal Envelope) 

: o**j** J^ .j^'^l (» ■■■ ■> II .^jliJl .-s>UJI gU.ito <xu*i JJSj -i 

* 

litna t5jl^>JI ,-jLu^VI JJ53 - 
JtLi CJ UJ| ^1 J^|J| ^ ^I^JI jljiiJI JJ£ - 

: U*J*i l^L_ > ^ ^ f^Vil lj Sjl^l Jj>klJ «Jlc SjjS olj jl>o Aljaawl -*-> 

(Use High Capacitance Material) 

(Heat Gain) ,\-.t ;....-<\ i s^ti jy^ |1 _jj J c - 

(Time Lag) II*. ^Ul >j .uj^j J^ljJJ s^l^Jl jL^ ^ f i^ji - 

■Lj^j^i *j'_>^ ^jLt j'>« >l iVi...I -_^ 

(Use of Heat Insulating Material) 



-rx- 



J^i Lk^ ^J oLi>U^Vl <k«l^ ^J.1 ^i^ji jimvi j,> ,> i^ej 
^l^j .4^i%li jl^i ^ ji CJ i^.i jjdLja <k^i^ ^ipupl ^ v il-. :j 

V*" cr* f^'j tfliljJ' » W JjJaSI S J^' ^Lu^ ^jVj ujjjl^ £jJjil J*^]l 

.i_*JUI 
i* Hi u^UUJ ^,,0^1 (^Sfc-U) GU1ZJ i - Y - r- \ 
Passive Heating Techniques 

: £Ij_>II olj^la. - I 

: «i... o.t.ll i^l^=Jlj d^L^ll - ^, 
ii^JI S^L-iVI r IjJ^Jj .i^LJI jJ^Vlj l-uj^l\ d^L-iJI ._■ I^«- - 

.^1 ^iiU. <u^j Jul^i: - 
• j .""' i<;1 1 Sj 1 ^ 1 oij^i V^ S-)- 15 ^'J ->L>« »l a£lm l - 

-fo - 



.<slui jJj^j &U.1 1 ^-k,i,,r l i < j ... o ^tJ i <siui jj ;< ia".., yi - 
Passive Cooling Techniques Hu^a .^Ut' aj>-JJi ljLJ2j r- y-t- \ 

: J^_>I=> J^ JJ *>.'"■ ^J Jjlk'ill iL^l^jj Jj_ > jlJI .-. I .'.a" — | 
.^—ajVI eUaill CjLjj^I ^l.i^'n.ul — 

. 6 Lii I o Lti Li j i I i-v" ■ . f I — 

: ^Jo jj£- , £ ■ no . '.' i l l J lUbjII ^J-iiiiIjj Jj^jjJI .-. I ■"■a" — ,_, 

•■■ jj i o ll ,_>ua^J <f^.ljil ^Lil jJo—ij^jVl ^> j, &uX I isuiVl J^ - 

.jUoiVlj SjjlaJ.1 ^LIlj ^Sjil ^jL-aj aIj^"imiI - 

■' ^."^ 11 ^. l o i. t .l ,_^_>*l!l J : Jill 1 _ r iiil uisli, "I^jjj Ji's.n'i - 

.< JLucJ .I 1 _>... n .. t i l <l$_aJjll >r 1-. . .iSU «LojSLc jljjj > I w".... l — 

. "JiljUl ,„r,.r,ll .<U-,H " ryi JJJi: - 

Lj-i^AJ ^ . > . . . 1 1 ijjlj-JI (^Ul <k^ljj ^jlj-aJI JLUL.VI jj_>k ,> ia^j 
^LJ.1 JiJj c>u Sjlj^JI oLa.jj >JMJLkl jc ^iLJI Li ,>All jjJJ j] rLJi 
"^.J^ i ij* fS»3l1 jSajj ^-ftU^'j j;IjJI <fc^-j L^UI Ja** jS'LLj -Lf^jLkj 

-f-^Jtr^-'^ 1 J^-L^" * W J J^ f^ Li f-- 3 ^J l(j aJ>A» IjLfj i _^_l_JL I .J^li. 

.JLLUI <e^UL LjLajJ.1 cjU-I^JI 
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j) Ua-a LallLI iuu-ikJI jjli^all J^i cL\JI jl^j-a jfijJ jl La£ .._>— aj ,-i ^IjjiJlII 
<i ■ ""II Ul-.-^ „'t j in ,ji «L>J Luo-J_3V I 1 _ju^uVI -La.1 j i "i *J ^flal' f _■'■ "-■"'I I JhJJ^' 0^ 

- >...»"! Ij e LU I fr Lkl Jl iuoLa.j 

Jjlj j _a iallll OjuoLII 0L0UJI iJ \c wS_jjlIJI ^j iJL=JI 4_uJjJI ^io^jj 

jl jSLoj Luj eLiJI jlji oLcll^a <_aLi] ^ j) eliJI JLax.1 ^ Lf-ol La-J ...I ^cu 

<_£>la. j-fl'jJ ^ j ■ ■'■ -j <Loj}UI O La La] I Ljj _^fl I^jIj V Jill 6_jjL=J.I oUafllall ola.Lla.1 

■ S.Uiti'iVl alA oL 



; JiLo iiAjjUl oLalaJI jjli/-»l JlaVl J^lii'iiuVI »^aj J-aljc 6Jt -lajjj 

.» I Aalj-u V I J La_o a_i}G JiJ I l _jo l^aaJ Ij i_i iS jll \j Cj I i nS I u Ou LaJ I ji I^jj — 

■ »i"in-.~illj <LalaJ! JiJj J^U'nuVlj r IjVii.iV I oLjL-alil — 

.d .La",.. I Ij «_JLaJ| oLaLlaVI f •s -> j <Lulai all CjUn-v'iH fciljx jj» ^_,jiJI — 

.j.lc Jiiiu 45LkJI jjl./ioj pLjO^IIj fcLLl^ «hml niVl iilJI j^cLit jiljJ (_5J-o — 

. *LUN il^«kI»UL». \ -T-T-\ 

ol .j ■ -> Jj aJ^HJ ■Ij'i'ift i»Vl ■LklaJI 4_UU.I SjU.1 <GI ^ aLSJI >-ijj-Ju Jaxu 

<_i «_i lUII ,_)£alj_ajlj _xj_j-aJ! r jj-lllj jjaflj I .ill i -t ^_ya jj.\ t n olj-uua L$J <jj -> ■ «-» 
• Ljiaj Jj> a , n . /^"i ^ylJI ^Ijt'VI »_o A^iLu Loj ^LojSJI ^-u^jlJI IJ^J 4j1jJI£J.Ij 

-rv- 



J^.IJI OV <JjLc jkllo-^ oLajjjJIj i-ajJ^JJ ... it ii'VI oLfclji |>l j^ "■ ■ ■ ■! - 
J^t _-fl a^a "M j «L J _,_ > jJlj ijjj^jjlj <_Jl.a..till oLfa.1^11 ^ oLaJLLlI J;iJSj - 

. jiljiJI jrLa.^ 

.Sjl^aJI jLi_^u iojLLL iljlc. jl^a j Lua I — 
.SjljaJI jLjj-j ^ aSLalll 'LJlc ojji olj jl>o 3.1 ^"inil — 

.jr jlill Jl JilJl > p lj4JI ^^i fii olaiillj ^Ul J^U: ^>: - 

olj-a-aJ ^c^-' -^jj^J 'J^LlJI clj^JI ^La._ > li J jV ijjlj^ oIj-oju l _ r ^i' -^jJP — 
.S^a-bU i^aLaJI oliljiJI ^Ij Jjs clj^ll jL^uJ <J_^ 

Heating & Cooling Techniques 

: h*.jlU\jULlJ\ c\i.\Jl\ - I 

,3.ljJI jlj^i ^j-lt r LlLI i a ■ U I" I < i-vjLa. <xoa_a <Lui pit I— ■ ■ mi ^-JLJ.! -Ujjj — 
. innii'.l I <-ia.>iJ I f-a 3^ l>" '-'_'•>.' oli. l_>ftJ Ij ^i_>iJ I <fa_jj — 

: ijjlIL IktaJLI ^Lil - v 

.^U. I ^U,„ {J ic'\ «_.jll I ^ij jl ,_>o/V I Oal cllaJI - 

.^Lil jji ^^1 jck^Vl ^UiJ - 
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S iaLAil o'lnnrVI liuij SLcIj^ oxj ijljj • "■-■ r -VI ._.jUII i ,r, — Vl SUKI I j„.a 

_j-Aj <-xsj^J\ j jk . ^U ^1^1 ^ Ltjj^i jlSVl ^'>iVl Oa.1 ^ <j_ > _i=JI jlyiSl 

J 'j^'j *J >_ ' ' "''f ill oIj>j_>S o^i l ^ c cSJ-^-^J j»jj-^Jl^JI cjU^SI j^ L^jLcuI JjjSi; 
L_ >: iaJI _)U^.V I v_^jll »LJI .Luualll jSj c£~^j <>jljSJI -■ ! ._■■- Jio 3.-. K.I...I I 
U SjLcj ..j^SjL^ j j . l's I /o ,^j ) .i., i ^.L. oUjj^j *j_, .,,111 Z'VX ^Ij^. : ^VlS 

.CttajljJ JjSj 
,l$_, 4__>i»_JI wilj_uoVlj oL_>L=JI Jx ixo£ -^-l>ij SjLx. a ■ j ■ ~. 1 1 jLa_a.Vl j ■ „ ".". j 
,JJ^J= J>t LxAjIj j -> '^I L La-J_>ji ^>-^f C5- 1 " CA^JI i_U^J ikijjl^j U_>__ia3 J^-aJJ 

. ( o lo j^Ijjjl \jc I o ifl klUjj) i \jj jSJI ' ■ ■ i tS jj I _JG r-j ,"■ 
jl J>L-Ill .!_*— JISII l _ r «U u Vl ^Jjdl L+ijl. j^A , rt > f-uJ <e^All jU^Vlj 

1JL> LiJI iojjc ajj__J£ oLi^jjS ^LuVl LflJoi* jl ( AJ) _ .JISJI oLi^jjS) cai>a.ljVl 

lk _,jkJI olS_aJJ ^Vl j-iJIj - .jijjil ,>> ^Ldl <tllna ^J. i^j^JI jr>-^ll Ji.xij 
SjjjJI |k ^"MM j - ^IL^uiVl ._yUf <tli^=> ^i (aIS_>!I) j^JI ^ . ^ -■■■_■ US 
Jt"-*^ ^Hr^' J*-?-^ 1 ^1 .■.' ' " >j -J=iLJI icLL^s ^ UL^.1 j ■ ...<-.H jc <^:LlJI 

.oLjJIj ■-.•|a..,VI ^j (^^LLLIj ,j^JI) joiJI <£.Ll^a ^ ii^L^I 



jjjj 5_n_i.l-.il j^.LJ.1 Jj. J>i.Ul j^LSJI >*j : »_.-k j»-L<ij ^jJI ^LSJI ^■ ■ ■«j j 

jj^J JoJ_>l I J J LjJ I Jla dJjj S .^ ■ .Ull <GJU. ^ jaJu <Uk ijtLlj^i oLiaC __;1 JL^-j] 

ajc J o ■ " ■] • * ' ■ a a aISjj «■ a I t~JI j-^ -»l I IJSj LAjj^-j <joaJ I _>jaJ Ij 4j^a^JI j l -s -> YI 

jU-^VI oljL^ ^Ijij 11J1I Jlo I fl jlf J^j: ^1 LJUil cljln»l Liij^l^l 

aja_aJ Ujj I . A .1 aI^_>JI a-'-'^jj . j_>iai I ,-.-> flM pUla. oj Jj l_>iV I iui» aLSjJ < ft l"v A. 1 I 

. ^/JLi 1 1 ill I ^cjill v _J_o Lii _>^. I j _>-ijS a IS jj jaju^ i IS j J I o I . ..*>! I 

: Jl_*jil -I 
.-. ^Ilj J< .7.11 Ji — a l~V \.~\j ^Ij -% ". .nVI «L*jI .Till cLlJI jlj_o j^ JI_o_>ll j 1 1 »". 

j i^i n J) J I— o_>J I J-^ L>-^J ■ •^- u 'J ) - 1 '" ' '-" '"J W^ M3SX ' O I ■ ' ■ SU I ^— 1 jjJJJ i_.iNj-U \j 
f- IjfJbU _, -> U. 11 cLkiSj J_iiJI j-fjj jLa-JI "-Jaljji JJLo SjJ^C _jIaLla -8 CjI 11 1 n_pS 

.<uJ_oj jLjS 4 wt\ Ac j I jj-t i^<ll _j^ (jjjj^VI 

l^jji jjSi) j) /A. ^1 KI....II jji Ulj)".->.n Ji^-.i ^JlJI 5. i.iil.iull JL_>U 5 ini'ilLj 
^J^jJl cjftUI 4-fcl:..,^) -: i_JLill oLtL^Jij <_al_*JI cLJI JLo_ti ^ » i -^ " ■■■"■ 
- d_. -■•■. ...VI ^jjl^lj L^LJI - ^1 - iiLcujJJI JLo-cl - ^lakllj ^" > -Vlj 

_J (Kl, ... X"\A _> _^Si) <JIjJI pUjJIoUjJ olj gjM.jljM.II JUJI r ^-..nj 

.77 L^_>J I 4c I'l !«-. 
: U>JI -u 

<£.L1l^> J «_i_fl_jJ I JaJ^I ^J-> "11 111 LaS — ijLujiJI Wc 1 1 in _fl <U-aLi ■) 9 1 «i i Jjk_Lij 

.LL^.1 ^".Ui.uV I v ^kJI 
X r "" Vl '.'J *-"-* 

J . « ■ «*< A l^j£ 1 1,"''"" " * ' kJjJoJ I <t Lij-O jj c I'm 111 6^=». Ij^ll I J Lo_^l I a. I la "■■■•I _j^- I 



- v\ 
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: «" -j\j- ■-!! <iikJI -I 

..'i\ fl ->l I ^ L-£jJ I <Lc LixOj o'm niV I 4_C I 'i ■ «-.j ,. I4lil I ^jjia] I 4_cl_l«a ^ J_k Jjj 

.(&1H) 

:^jl £11 - v 

j| <UilII jji £ IjjVI il.l->">i ill J^oj LaS> CjLijIj^JIj ijioljimll Sr I'..-. _a J^Jjj 

laUI I ^jjUl 2t- [\.* 

i aUiuMlluWwjJl! -0 

<| j , s\ o _S yj". 1 "*H a. ,1 *> " 1 1 ■ ij i<_uUl a. j 1 1 1 1 1 ISJ I CjLajjoS 4j| ^ic jmi -til i_j j_»_i 
Lj-^'jY' r >( . fi"n ill Jlj 4 ii ni-sll olSjlJI ic l'i ■ «-i j ^jf-im-it I <c I ">■<-» Ljj-a oVLkJi 6_lc 

. La jiLj hJ II I 4jc I _, \J I 

j5j .iaJ I j^J I e Li-> J I j_o <c Lu_o Jlj c LiaJ I J Lac I ^ <La Lft <Lai».V j> J La ,_>maj I j ■"■« -j 
jj 6 j 11^ uLuli ^uj_aJI J^ljJ 3 °l" a I I CjLuIj_JIj 5 ■ ^jl j 1 -il l oLojlaJJ O j-fi=] 

.Jinn 

\a j mm ^JUS a-o _flj e 1 \ i in ■ _ -3 '"^ <Ja£ L^-a . _fl Lu_u I ■ •■ I Ojll \ LlJ I jj -• ■ <•%! I *-* I a"" 

. I j£j jLl=». "LLLj-o j ;jLj LL I J^ iiklo Laj* 

•JL)*" ■— 8^-Oj ^ij Ja^LJIj "LcoLaJI oLiL-ujiJI ,_L&C. ^-S cJji-JI jj-uS ij%"n 11 ij 

<Lli j-ljl'i ^11 I jijUa', jl<u ^1 jjJ^JI j* iitLUI ^I^Vl ^k ^LkJI Jik, 
^IjiVljilJII vjj-uJI jl claiiV."»H Jlo tx^Jlll v^f^ 1 *> <jH^j «j>l'Hj Ja-^'l 
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i3 jiiihiiuUii«>-ai-t 

j I — it i ii V I << — *_x*i I jj I <t — jjj_i_ujJ I jj ) -i i<-» 1 1 ^ 6 _L_a. I j *< j'ul-il I jj -. 10I I j ■" »" 

a LJ. Ij £ l_j jj I Jl_o <Lj »j iUI I <j j-J-ll I jl 'LjJ^a-lJ I J-a I j-C Ja-fl * a I "■"■ Jj <""■ ^lJ I j 

J\ L.I <mUH jj^.r.11 6Jj»j ,(<Jj->-,llj LjjUJI) ? j.- i ...Vi j j -^ .-11 J_JLJIj 
^^^u: <JL^JI *!& ^j (Mother Rock) ^Vl j\ .^11 jll* ^ <_ij£Lo jj^ ir< jj£i 

6 L1I JL. JaTi^ II Jllll JjIjc ^j^ia Jc LpLS^ J^ Jll^ jl a_.a,-,ll d.\_.UII ^ ,^l l, 

_,U_JI ^i j] oLUJIj jL^iVl jLjj ^ Sja^a. ^lun j: ^l>a.] ^ ^^jij j- LjJIj 
^kj (Transported) <Jjiil <,^jJJI jj^-^JL <JL=JI &jjb ^ ^n.-.-jj .-.i j: ^ .iij 

ijj^j < _,u U j j\ ,r , ^jil i- u m j-lll ,_)^>^. jl jLli l_«_xi ^jjl pj , „ fl'i J^aj Il4 

iijjiJI ^iljj L^il lJ lc. (Clay) j-Ja <aK ^ijju L^acj .Ujjcj ...j <— >^4Jj <_ jj-^jj 
^jc U«L«i t5>LaJi ^jUlj <-^ Kj l...H j j^. .^. 1 1 (Natural Weathering) s_. ._. .li i 
< f\f t . u ^L ^\j±. LjJj (Hydrous Aluminium Silicates) ^j^jJSU L^L c- K-i.- 
jt 6jJoi J5j I fl i I f l ol .» j ■ -. j>a >j>£lij ( Jj « . t . ".! ! iJ^-u, ^]) c liL U\\- Loiit 

.^L^JIj ^aall ^jj^jlllj g . _i . nil Ij JjUI 4/uUM jj-^i/iII jJaj L j»J»1j ...JjjixoX 

La.jJj Lfl iij£II JjL«_oJJ LLia dJjj O^LikJI 6JJb .1 1A.-....V oVU_o Sjt J-a.j3j 
CuJjIijJI -Uiiaj ioLjj^JIj 'i_nr.l l ^^IcLws ^ atOaJLuU <uilJI i>JjLUl <laLa , L^jLiJ 

xj^. xu^LSi ^Jt t^ji^ jil\ ^ijiVi Lai .Jj_>iJi jU c^f ^ LuiLuil ^j-^:»„ lu : 

i-ijjjl 4_cllma ^ LJjjI ^ 4J i Inil La-£ .^jiikJI ^jkll 4_cLl«a ^ a ) & '■ ■ ■■"■ Ljjlj 

■ i -i'in iiiVI <tLo ^ JikJjj ijjLiiJI jjj-jIjIIj 

jr LiiV <^>IL jjiaj L^l^JLx^ aju iiLkJI jy. ^IjiVl ,jAju >l t^-...l -j LLj^j 
tUu^LJI Jla oLcLi-sJI iJ Aju ^i JLjZ cu^ (Loca) i L-a^JI ^ LSjJI - I ■_■■> 

. ^TinniV l v jJJIj 
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^i <£UA\ LAil <^jUJI ^L^JJ JuLklJI <_,,„<;-,|| JL^i ^ Sj&j r '-"-j j 
.J»5UI JUtl ^i l^At ^Ul ^KjJI pJoiiwlj jl ollaL Caa ^ U oL^ljJI 

j*a4^3 L»_L?-(^j jfil^eLuJl Jl$«£ljji 
Lr l=*jj _>«=« ^ SLuluU'I oLLkll jjL^a J^l ,«-■■■■ I ^1 iaJliJI 3U.7.-. VI ^..^ ^ 

Jj^, . Ijj . T . -. IIjpLLJI jl^a ^ iaAViM.ll oLUJI iitiJ.1 f-I^Vl (^-\) *i_, Jjd^JI 

* 

. LjLu<alSl IjKU" ...I J^o JJ«t|j 



.rdj ...CjjjiJjI-JIj Ojj_jj Jjj I j^J Ij ^^^uaaJIj 

Li^jUJIj^iL^U^UI <_■ , ,.<-.t I JUftl J 8 : , .1 ^lt 5 .'.I .7.11 .-.l j , ^ -. . .. vij 

JdUl 

c lj )~i -» YI CjIj e 1 1 1 1 11 Sj_ij^ 4 1 i " i _S _L&Jj_jj JlJ I j <t_i_o Li. J I jj a ■ al I ■ ! ... I jj'j 
oL\jL»J.I Jj> J^j «iijj jl 7. -> L$ ajLc ^. J t "i ■ n"i ^Ij ^Ljj^JI sj^^Ij Jj -> "t 1 1 

^jAijVI ^j £_^Li]l ^jAjjVI ^ ^j-ljj Lfii ju~> "tH »Jj* f^'^ 4 1 lit 1 1 ■?■! '*! ■"! Ij 

.jSIJJ Jj-^Vlj ^jfllj in...llj fJiLtl 
Sj^jlil i,^iaJ| ji t t VI L^la 4 _i »jj U jjLaj 4X J-o jin n ^ i*-^.^' r J' "■"'J 

ji J Ij J_jj-u Ij ,_) A 1 1 Ij ^Jj_jjjj lt"-? Kj* '" Ij ^J I ji f \i I j' 1 1 ■"■"■ ■ Ljj-o «"'" -■ ■ -> til .-v "1 1 « 
J^! yp f '-='■.>" f- ' ^ ' "1 5 •(Sj-ijJt J^j-r^'j Ca^j-^J' ^'>>l u^J "5*u-l>al'lj 

.luui ^iti^, ^j ,_,u».t,-.ii jUti 

.A .mUj ^Hjj ^...tl - A 

i-j^J^- ^ <_^aL=k.j 6J .U "1 o ^Jallo ^ gin in SjjJ^. 1i .7ii jj a .^11 6AA ) oJ yS 
ajLa. wi^^l olj LJIi. Jj^j f LiijVI 4_JLt J] J Lujj j e JLua. J LJlc. • i^j ^ 1".. .., 
Sjx. ^jJj JL^JI 6JJS J^aJj ^hiiUII <j_yLillj tf.j-."ll rcjl^ J_o j.".<H I ftjl«j ^ , ...<>, 

LpljJl ■- ■ ■■■ t ^l^il SJjC ^ LAjI i=Lu_ui SjjJ^. «Ly5 ^ ^jt ir»ll t,ll> S^.\j^j 

^J^e-r^ 1 t5 J J>"j o>-=^' * a '' n ' "^J J^J ^r"-^ 1 I J .1 .'^.H LtJ^a-j ^Ij JUIlaJtl 
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*liJI jlj_a ^llij ^ i'sljj"! ...11 5_a LtJ I jjjjG 3 ilnr Jc jS_p aj_.".< oLjIjj Jlia 

, <i I Ul I , • \y * " , , . I u," /J 0"*- "' 

l -ij l -> Jc SjLit jjfcl j\ji\ ^lljj ^ ^..iVi.nt I tsiLUI jl jLuOM aJsjlb ,-i ^-''j) 
U\U\ jLlcVI ^ iiVl ^ tf ijll ^i^J j ji IjJ i.jl>=Jlj iuLj^JI <-5LUI > 

.^LUVI J^IJ. jl <ilkll Jjj^ LI ?. t^.-....l l <JjVl 

^.a ^illj iSLUI Sj--i ^uLul ^jJc iSLLU L^Up-cJ <-i^.Li j* jLJ.1 ■ «_■".. ^- «3j 
i */'"•>"' ^ -aSji Ijj .SjLLI Jji Jjj^il 6j^».j r^ij] I $ -J". -> . "ill i.KI I <j|JJ| jjt gjLic 

: ^ ^.Luil £;>£ ^1 jLII 

■(C^/vJU?- ' J ?^ i>- <J»L1=JJ L£}U2lJ jj^j jl^o) <5UJI <Jlc jljx (\ 

^M* ° <Jl • J° i> ^^ U£>LLuJ SjJi £jljl! jIjx) <aLUI Ik^jic jlj^ (Y 

.(j^/Jja. L^a. • jo ^c <iLkU L^jl^l Sj^i J& jl^) <iLkJ I <JJ5 jl^o (r 

fJL*JI i^ j i 'i hlo ^jJt. 4-a XaJi .. .I I eLiJI jlj_o A » i . .ij'i.jVi (i-\) JjJ-a. pimj 

jUII ^yk*u ^tSiV LajMJI <5UJI JiUi—l jl-.,^ (V\) Jj^.j (o-\) Jjj^ 

.fJUl j^L. ,_ > <k*j ^ 4JjVlj iLijall 
j] ^^j Lol iilkU 5_>jjil jljil ^^^1 jLiLL. Ij_u ^Lil yi <5LLJI -U-iijS ,jl 
^ S_^ oLJjj c^li jiJj^l ^j i^j^Vl oUjlllj^JI jLJLtVI ^i l££j 
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Jjvl^IJl JJ9»^« 


a.ui. ) ,.Ir.ri>Z)ULaJI 


«LLJI3.>U 


r 


.SjlAil - C ^JLI - JiUJIJ^. 


^i CajVinill JLo_>JI - 


JL> 


\ 


', ill 1 — <ta 1 -» a^l 1 — d ~.-*r «j | 




HM 


r 


«_t»-Lo j_>"lj — jJ-l-u ,_>"lj 


• 


^juiaJI 


r 






oLoLiw 

4j J4^ 


i 


d *i } y-. 1 1 \a ■ ■■ 
J In >.tl ! — <A^l^U AU HO \J^k. 




oLoLi. 
<liUI 





4_O.AJ \QJ 1 — C 1 Mi i) i_t ftj.^ 




cJjUl 


t 


P 1 * * ■ ■■ a y*_u LJ ^ i ~fc 




.-■ > tl j"vl 1 


V 



i*L^ J < Tm; j >^aa uy a L&wL>-l^j^al^<jcLi-Jl :>1>4 J1>UL>. M^ji ( T - > ) (*£? Jj->->- 



-u- 





ilj 1) 


To A. 




v. .>. 


(LjUI) ^Luj jjia. * 


To. V 


( IjlUjj) yrili.u JjJ^. * 


n.o. 


(IjlLjj) JJ-La. CjIcILJJ * 


"U.o. 


(l£jj^l) jiK o jjoa, * 


n\... 


(LuUI) c I^JVl * 


TV. . . . 


(Ijliajll "UjL^J -~.l ->"■'■ e * 


TV. .. 


(lfL>*i) c I^Vl * 


Wo... 




V. . . . 


(IjSkJj) ^i^jll * 


v. . . . 


(ljSi~j)dr>IJ* 



^arfiaj J xi u ^ E iaVasa|Laiaijiwiai^^aaja.(o^)jja». 
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<*s l(]"i mil iSLUI <j_a£ (N •— \) ^jJI (V-\) Jjj Jjla^JI «— ajjj oL-^jlj ._45 ...Ij 

i i n i «-< ij j 1 l") -> I -UC ^/ n n i /i nil ii.l v. a ^ J i^=> i- » ll j i «-v *i * 1 1 6J 



1 _ > ^a_«_J r LjJV 






aS^Tgylt 3kiUa} 1 2U«S 

a* 3 / Jj* ^^rt- 


Ajj tl 


To. - T. . 


jk^llojJVI 


\.. - o. 


rtlAiidbtl 


v - r. 


jjj^J! 


A- o 


CUAj-ui 1 


o-r 




V- T 


JiLlI^) 


A- T 




■j0 > 


2LaUaji3u ! aaji > .(r 


•jo > 


Jjjli 


•j0 > 


4/uUll iijlJI 


• j\> 


_>^| 



ii^i^^^i^vasa^mtiasii^iSL^Scwiijjii. (t-o J**** 
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auOafcuutl ji^li 


2Lui>Vl£>i 


|*M1 


\.. 


V x \/\ 


VVTj.. 
•j.Tl 




» . iiTi.Mf . .. I[|l » U. 


I 


s\ 


"N.x.yW 




(V) J*j 




T 


VA 


'A.x.jt. 
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(.tail*) I <> jla^^I* N SuL>^N) 
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£fa/ J>*. l*^ aSLi»ui.ll A-JjVI iLflltaJl 


Alj 11 


.jr-.j-r 


(IjSkiJ) J-JI * 


.jtX 


(a^JI) Cj jHI Ujll * 


• j.No 


(ji^JI) ^U! J-j * 


•^ 


(jirf-II) J~- ->l 1 >J-LlS # 


■J* 


(1 ■'..<) oj^-ll-l jt> **H # 


._,..* 


(CfrUa.jVl)-^! V >UI * 


.jto 


(/o) Q-»,«».VL ^.jill ^1 v jUI * 


• jV . 


(/No) QlninVlj (^jil-l '^^lill ^jjJJI * 



aujj^l 4jil o^ju jrOJV «L ? , 1 ^ "m . H aiUatt (V > ) JjJ* 
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>4*a* ^d Ajl>\jX\ Ja)$*J I 



2L>jiai 




cu&\ 


<Ua&a«JH ji^ti 


iLuijVlf^J 


I**** 
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r \. x \Ti_,iY 




6_^ Wit*"] OlrfS.j.u) 

( C J^j 

( r i0 &>*" Hi 


-iLuj^k y ft.fl,i,<l 


\ 


■u 


T \.xW\ j0 


• j0 r 

0j .£ 


(V) J-j 




Y 






2tj>t2tl 




uUOl 


SUilV«i»tl ji_?Ii 


3LuijVl^j 


(•*>»• 


\. . 


°\. x ijAt 


.jit 




1 ' > ■ » ■ y | ^j »_q 


*\ 


\r 0j £ 


^.x\,oV 








r 



u^ti g_i>ji .jAjuJ asa^Lai aiitari 2u^s &y 2L»ji2- ( y* - \ ) jja*. 
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>a« ji <Li*l4f J^i^sJf 



>ua4^ ^ L i J.LUl(U T Jl2Vl( nji< i fi"> t-Y 
4 (Miouitl4^Vt t-Y 
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>d4 ji <uil4< J^'^sJI -t 
.LiUi j^iJ fjn . rt-i iij <eji^Ji i^ijji jjj*. sui>i jjjj .^jL^j.1 j_,< ; , t .-iiij 

: ipVI aLuJiVI <=j^JI 'I* Jn.tnj 
j'^i a ,-S f-lill j ■ a I '■«• \ — X 

j^o ^ «LiLtl fJlsVl ,->_.. uSj T— Y 

4_..,.n,t.ll <*^,Vl t-X 



-=i#3»' 



^■■.q.mII ^IjuiVI - 
pljffl 5jl>i. <=>.jj - 

4j^iojJ I j ^a ■' I — 

jLLoVl- 



.SJbUll <_L^Uil _>^Lxll ^^J ^^i-^JIj Lr ^*JI p_JLil i-j^Jill oLL^^I 
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(jl^tuiW^IJjIJI 



-» 






JjjSJ.1 Jj \ ■ jl jia \ • ^Lojij . JI>Ll ,_>uLi »Aa.J : jlajiLJI ( \) 
^im.till ,>j <iL-jil jjiil jl /f+ JjJa. ^ i i,, m .till fciJI -Lai iti'il L*jj . ■H c*j£II * - ■» jjJjj (V) 



- oV - 



. I^j ijirt ii J)JaLlo i 1 8 1 "i -> n _J 1 i ->Lill J-cl^j-aJI <(_mljj i_ul -> \j 

(Micro Climate) j * ,.-,11 ^Lli ^k £-i>lL ; u_* -. 1 1 J-J^l j_JfG ^ilill 

<U_^LiLI _>a^li»JI ■> h* n L^_i jjLjj ijua ir'Llil jj-^Lic jvjb I ^a ,_)nn iVill «1 « i Ti I j i"i»"i 
(_£j-o Cjlj 4 1 1 i n l i 1 , i » , n j i^S oL=»._$ji Sjj^o ^^ ^ i 1 1 n . Ti 1 1 9 I * i ~, J I <jjLia Ja Yi"ij i({jiVl 
<«l j -s i l i t 'n il j_ai "U-iiVl Jli i-V ( \ )jI_oaJlj X . . ^ya r- jljJj) <-ia._&J,l Jl^jiaV I Jjjs * ■ nil 



jluj ^.i. mull CuliJL (_5>=JI ^J^Liil ^^jUJI wKiull ( ^ic ^miii .till f- Lat_ciV I ia_ii 

.iuiVl ^Jt c5 J>oaII ^rU.i.ll ^ ^/Cilj N^TAo 

J^O <Uj"|-t"l LL ^J^-^JI i—foLiJI pi SqlftJ »JJ_H> J^La- ^'" " ■ mH f I « »tiV I 6J in JJLij 

Jjia jjjjj *_o 1 1 1 n i " i 1 1 f I « i T iV I _S |5 all A o i 8 ji» i ij .<jjj|j jLiCj e Lo jLa-jj iyiaj 

^L^jVIj (Altitude) ^ u , a ,.tJI ^Liijl 4JJI3J Ljj 145 >=JI ^iiUJI J^Ij <a_xiVl jL« 
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:<JllII .-.I jU-U I . y p 2\...\ \ 

^J Jijll) ^J-»JI Ja^J 4 i^m A II <jjSlj]l <\i\[\ ^ „n .7,11 *JSj_o Jj_a. - N 

. ( i_i^ala. j I J I n 1T1 V T 1 _^<3 )C U^l d la*. I | 

<j-oiljl U i .ft ,i tJ I LIj3 ^ La :La.L_ua ?aUu.Llll icLcJI j ■■> .... j XX »jj :JH* 

.Jlo^i VX ^jJI i^. ?«uSiV)j 
j.ia. Lk.L^ ou^llJI <cLJI m ^jtisliij jinm.j XT <l_lL ^ull .kiJI Ac ; J^JI 

l^_ilc. ^j^il <V£_>J.I 6_^UI j^yic ilaiiJI alft *J£ lililil Jc ,>_lo ^ft LaS i( 1 )i a'Ua'.l l 
iijl^l -Lij-lij J j < t .tl ,> jka_JI |JA ^ u ., n .. tJ I £_Ujj] ifjlj ^ ojj. .-L^jJ V . 
<J^.jLkJI *J,\J\ ^ (.1)) <ULJL IjLa ^S^ll ^> ^_ia"i.i. n .ki. J^sj .^.n.ijll iiiflVl 
LkliV'l «Jjl_)JI Jia-J <j_a.jU.Jl _j_l_JI *_» I~~H lift *J_L__ .:___, jJL CAJ-o >4 I t's 
ft V»J u-* JLa-^ 1 0- «---Li_ i^-jJ N W Jjj-JJI l_J- <__- __->j fjJI e»J_J __S ^..n.t.ll 

■ <cl i nil otic 

Mia _*_-( 6L:I J] <^J>o Jla-__)l 6_=__l £_a _-ol*_u V ^11 jj-, nn _jl£ Ijl X 
U-^-f J' V"?"_ ur-"' ^.J- 1 - ' «"-»'i M «____.! ^. ■■^ "■ , „' , cj^ Jj-xi J_> Vjj .-Jj-ia. JU ,ti 

._iL___ , Jj'i i .all l_. Sf. jjU. 

_>u>- jl • - . "i ■ n ijj_l_JI <_j__U j__j_a ( Je. ijjJilj ■ L-ajJ I iiiUI ^--j-a ,* -A - 1 

.«Jjjl_JI il__J.| _>u*_ Jc J.U', ■ 4_j_lj . a ■ ^ — '. M dla'.t I 

- o<\ - 



U-^l Ijljj « l_a f-flj-a | _ f it laiLJI ^jxm J I inn.till ^l» itiVI <_lo^ JLo^ul ■ al"-^ ■ LaS 
JLa^k] iajjjjJLe ( X — X) JfLtt rt_^<3jjj i«l il-t I I <l_i-=». Ill I Jji I^jlI I j a I j i -v 1 1 | _ > is_^jj I 

.JLU.1 i iiWr, ^ ^iiVl ^'inill ^ LiLuJI ^M.niV.II ^buiVI 




ilu, .Xj./5cLu -olj^tiS To . . j^, ^1 ^n i , , ;, t U*il Sj^i 



iSlj/l ^-MuiJi fU-i?! t^lj ^iaUl ^>^~ «Uaj> ( T-T ) JU, 
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M;d'"r. ."• .'-'' 



-*\\ - 



ijjjlj i 4.n"ill JiLa. Jj, j-fk>J ilL-uIl j^i HjLuj ULjjOa. .Jill ikiill j^Jalm -_a. 

.iitLiJI 
L^kiJI jl o_i -.. 3j>jIj ■■..i./Vill <la'.tl ^a l _ f lA\ ^ i, n .7.11 Lljj i^Jil - j 

YX ^l JUL I ^ j>a.jil pjJI olj ^i . ,« . t .ll ^LaSjl Ljl^ ^>c ^^-ljJ ^IjjVlj 

JaaJI £j> ,_>u>Ill *JaLij ^ « i~\ mi ikiill jV . LJ i .^ 4_*_cuLi]l Lcl mil j i. u.dj 

.,-> iS'iiiil I 



~ 



.to <jSiVlj <^.jj VA ^j» iJ ±A\ ^ 'L^u\J\ u .i l «.. l t.ll 

^ic 4 j n .ljjl ^Lc^JI jl i ji flVl O^LtJ.1 i_i n i/-." jSLoj LljJjJI 6 j-A j* - j 

ol jl-i-.l l £_IjjLj u*i " II &l-=»-jj (^1 ^ ij^-' u-^ ,j "ft ' "J I Lf'jj <i_>j«-o < jli'nii') — (_£ 

d ^ , I , ..I I 



-*\. - 



4 LUU 4J] VI .JJ^jj fij-o (_^1 ^yi iu-JI jlj-o { jlc ^.iio .fill P l*_JiVI 6.ui jjiTuj 
olcL J}L~«. ., nnwtill f U. i.»y I Sivti J4*JJJ -<Jjl-J.I ,3-IaLll. I ^ J^J ' ^J J-*} 4-al*- 
jLi.nl I Jajlj_k Jm"i in'ij jjS-flVl' ^j"i i ill I l _ y Jt .jnn .till f Lfljjl <Jjljl I « i"i <jl_fill 

oLcL^ J^Lk o ,L0-,tJI ^Ltiji Lljj jjj ^ ".I (Solar Path Diagram) ^n, « ,t,ll 

( 1 — Y ,V — T) Jj^l^'" ' I rt-uajjj .^Jlj » Ml 1 jAj_juI !a^ 4 i nj I », n i i«J^j_o <£l_i j I |j 1 1 1 

* 

f La-tiV I S.uii ^ji j _i » "ill (_£J-0J (VLa-^i V. ) SjJ&LaJI iijji ^.n n .till jLjJ.1 <lajj-=». 

.jL>JI oLL J^Lk eilji ^L^J.1 ^...o.ftll 

^nnitill f- _j 1-. . . ■ Sj^ij olljS jjlii ,j-«J^' ^ ■ no. til I » I «.tiV I <U^J9 ^J| q-J Jl h->^Lj 

j:>u. ^.in.t.ll Sj-iLdl iuiVl jjohl iJxiJI oL-LJl js£. L\j j , ^j (Duration) 

.jL>ji 

A 






,^ n ... l l Ojlj CX 

c— Jlj^UijVI lijlj 



•• s •■ 



. *m * . .*! j « I . ..i I ^iaj \ "*• 



(vi^>03>Ai^i^ai (jri *4-iJijLai2aaj > i( y-y)JS£ 
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SjAliJl ilj-UJ jl^Jl GLcL, J>U. ^Vl i£jl4< ^ u-**iH g. biV 1 3 jl& >Jlj ( t - Y ) J££ 
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Horzontal shadow angles : radial lines - reading on Primeter scale 
vertical shadow angles: arcual lines - 90 9 AT center. s at perimeter 
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jfk*J •" l ^^ 1 ,j* Ij^S Upjb-s* ^>jJ ^iUiJ.1 jjj !_$_, iJbJI SjjJsjJI 5^ui J^ 
■^ cf^ ^J ^J ^H-^ 1 1> J* ^ «t2-i ijlj^JI <^jj oLL-jj-o VJ L25 j* dlj 

JuULJI jLlill jJSjl Ijlk: lUU \ . ^c oijJI ^oi: ^ jjuaSJI ^ jjjj Vj ^ \ "t 
j^b jc jl_«JuVI ^o d^jl^JI ^jlj-JI ^aJLSJI ^j-* SjLj) £111! LjLi jjjjj 

^i ^-A t £jiojJI tfjIj-aJI tf JJ L^aJ j-Lj 1 n'.j , j . Jib] | Jj jj^JI Ja.^ 

^ jll jjjjj .j-^VL ^W-^ j S^kUJL ^\X-V Jl J^j <il Jia^lj .;^ r.<... Vi 
• oUljll ^ US jLiaJI jj.ui ^jlj-n<*ll ^oJSVI ^^uT. j^ 

<ULut Jx £jjj ^jjlj .(^J-^JI elj^lL JjJ?.jil pUI jU-> (£>L-a-0 LjJojlL I uft2j 

.(Transpiration) oULUI 
<k«ljj U>L^ jluu ^1 <jjJ=jJI t^jiai ^j^ <!,_*_« SjIja <+jj JU .. ~- :j 
<^.jj ^LLijI ^ ijjLjJI J*a ^1* plj^JI Sjjjj jj^j ^^ ,_,Lkj Sjj_^ ^ pi^i 

*.'.' , " :> JI <-i>k>" Uj-a-ai o-^ 1 -^ Sjju Jj-^JI ^ 6 LLI jUj j_> oS^uLHj .<Gjlj_a. 
(Relative Humidity) ^_j u*i Sjj^jll <jjj=,jJI <_*_<£) ^ALl ." : ■■■-.n . ui^uj 

^i JJjj . ^wtiTl l ik UjUjIluI jlaj <->ji=j £**£ .^al ^Jl *bfr]l j* ^^j^ > ^^ 
Sj^i,Lj_o Sjj_^a V^^uAJI ^jJI Joxij .Sjlj^JI i^jjj c5> JI iaJL^JI o^fc ^ 
<U-u-ujJI <JjJajJI ^Uijl £* >^Li Jjjil dijJ^. <^_>i Jjj: ■»-._■ -. ,jijj| iiilial Jc 

Jaa ^ ^lj-ftl Sji5 SjL^J ,Sjlj_aJI <_a.jj ^LLSjl £* *ii ,„•,]! ^JjL^JI JUj 
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#t^J) 3j!>». ^*.j J r- \ - Y 

l |/\j) Sjlj^JI oL^.jj ci I U 1 1 ijILo J,o.i,"i"i "U^IS oULu ijJ^ Jj ■ ^«-».ll ~ ~ . — 1 1 lr . .-^ . 
j j i's (_$J-o lj ^j-JI Sjlj^JI oLa.jj ^-i>> "i -^ I ^jjSj <_ol_c <_a_^^jj .(JjJJIj j| j'.ll 
^J.1 jj» ,,-, ^i^UikVI iiUj j_jSj ,>=>■ (rS 'ii-flbcJI pLuJI olj iaLaJI SjLJI jjLiliLL 
<^.jjj plj^JI Sjl_>a. <^a.ja jjln .^_jjilL a j 1 1 1 1 p! mull olj ■» 'l~jH oljlijl jl ^^LllLL 

•Ujlll r r h i i i J^o Sjlj^iJI J flVi'i Ci_i-k i«_ijiL 1 _>^>jV I rr Ui .1 Jj_^jjj ^ -^ uu Jjrgj ij\f\ 

^Vl ollikJI ^jJ] LajjXi Sjb=>JI oJC J«">nj .Jj.^jlJL I4J SL*aU,l pl^l <iiL ^1 

pIj^JI Sjl_^i. <^-jJ u& 'jJJ-« >L«b • t _KsjVI rr km SjL JIoj JJJjj .Jn -kll oIjLj jlj 

jji ,_5.ijj J] «s Ij-^JI ^j-i jj-lc- ^>^S ^J 1 ^ f4>^' <-jil_)-c._jj-La jjjj Laa . ![)'■" fc _i_i jJbJ I 
jjLLi sljjJI Sjlj^. <-a.jJ JjiiJ Ji\ ^jV j^jjj ^>t (jLl-al A-V) 6jj5 p Ujjj'I ^ 

I^^Jj LaS ji nn ^ "Uilill ^jJaljil 1, i\\-> n 1 SjljaJI CjL^jJ f-f\y U ' * '" 'J 

,_j-i JJjJJ !_>"' ' («]] J ""» " j^ 3 ^- ' < ! "'••> \i Sjlj^JI '»_a.jjj JaijjjJi_a i>-i a] J-<^»j 
JjJ-ti c IjA Jjj^ajJ kllijj (j i n"i 1 1 1 1 — JjLo) ' Bi n-iH 6jli J^Li ^ ■ IjlaJI ^^Ja LjJ. I \^Ji I 
J-^Loj Jjx ^fljjjjjl -j^JI cilj ( jjj .. 1 i i 1 1 1 lj < 11 1 1 nl n-tll -.1 . -^.a^. '.I I JaLflj I rt .11 £jl j^JI 
.•LiJI Jj^ojJI JjS LiUI iflU'mi SjLJI oUjil jjji Ijkj .U..,j-.l I _p_J| 

<L=»jj i_Lj cut c CLi J I oi.tJI Ja.1 ..ill ■» »!•'.• <lijj ^ U. ,.j",l I j^ .1 1 jj|;'g j(i U. ■ , 
<jj, i'iS 1 n i I ^ 'ij - Ui Sjlj^JI oLa.jj oI1-i..ijj-o v_jjLL1jj jjLjj j(j in ^i LaUj] Sjljj^JI 
(•/Uji Vo I ■ ^jji iaL) j**M\ <jjaL UPj^ikj Jj, (VLwi V\ NX ^jj; Jai) 
^^.iij J^li <Uijill ala jt. Sjlj^JI <^>.jj oLk^ujio fijjj Vj .^juN I 5jIjj». <-=^jJ Jj^. 
jjj'C j-^iij LaS .<jjIJ.I iikill J^o <jjil Ijjii j^LlU ^jlaJI >-ijUI j-i VI ajJLill 

'- ■_!*> ' J-*^V ' J^"J ' J=^ ' v > JJiJ (j-^J^I ' C5J J^ ' > t ^ 1 -^ ' 05"^° cM*J ^j-l^ ** 'l~ I-'- J I JjJa 111 I 
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IjuuuHlijtajSl *l£^%J^jjSu ! uJ\2Ja± > Z s 3\ flo*!^ 0-T) JS£ 



(Wc 1 -*-) • W 0- Ce**#r» a* * UI j 1 ^ Oi* -J-^j (Absolute Humidity) <iiui <j>kji 

(f^/j» l >>) - W 0- c*** oaj,> 'U- 1 jLi-e Jjst -*j*u (Specific Humidity) iLuyill iyLjII 

•j^j.UI jLLj j^ ^^jJI LuaJl ,> «>?. jiiJ*. >Jj-«ij (Vapour Pressur) .ui _,Uu u, .x 

■ *4j*-j £»* L b*"u tl 



-"W- 



ijLj aj»j «3_i. « . ■ ~* 1 1 <jji>jJI jjjj e'j-fll *j'>*" ^j j c^Li^ 1 <JL». ^ Lol .<jj1ojJI 
■ «;<". ,±ij.Aa. UjJU fjjj ■» i.tnll ilLa. ^l /\ • ■ ,jJI iu— 111 <j>1=_>1I J-^i ^uLLiVI 
. ;■"■<-■ I I Udit Ijjj ^1 Sjl^l Li.jj Lr «— 2} .^Lix c*l_>k5 JS-i jjJc ( _>-kIilfl]l jU-iU 

^Jjj j".--j j<J •■" jl++i < jjm.'.II 4J>JaJI ^"L^j (DeW Point) tf jUI ikil. 

^.. 1 .a, d ".I I «Ljla^ll >■ >^ "I <Li^Lojj^miH ik-j^^iJ I fj J ^ "mil 1 j ftj^ (0~ T ) J£^i 

. ..U jllj i a L=>J I jILojJijlll Jjji JS 6jl_^a. "^J-l 

— : <Ullll CiLjLlJI a<" i<jjk_>ll 5 -. i A I j ftjja-a ^jic Jji.-i-.llj 

. jl+ill ^> ^JjVl oLLJI ^ SjU. jj£Sj lw—J i.jlaj ^JtV (^jf-SJI L—jIll - 
.CAicL" ^l^a-J _>4-^' - 1 — *? »J^ <j* Ui^J <jiu*i <?>k> J5V <^>4-iill Ja-^jlLI - 

i Lclijj! j ■-* » ^ JjialiLI >i^l .kj-uj-lLI ^j^jyi _^=»_a]I Jj^Lmj 4 5 U 'i n Jl^JJ 
\ljJU l'.|]^"l I JS J-i^J tfjl ^Jl iflL^VL IjJb .<ixJI jj^i £J-»^ ^ -t im i 'il l 4jjla_J\ 
<j tL JJ (C>-ujJ I I j "l I j I U-S.M . >■ ■ -■ , liji^ l'i(j -^"i I LoJS iUjj^jj S j j i f i i ^j Ai -» n j 



- -\"\ - 




(bW/fS)ifcj~V»>'¥ La 



S - 



li>— cti'-JJ 




Cb>l! 3j»jy 2&Lot4 Jl££i (V Y) J££ 

LfM 't 5 -^^ <^J>' >-«JJ^lLj j--lill ^waLc ,> j^J j_^ak. ^1 Jlo jLkoVl J5L2 
i^l^ll JLi^JI i*-a. ^Jc. &JAJ La£ 1( _JcV £;L_JI U.iic <LaJ£ ^1 jJolilL jljjj 
•* W ^^J f>j'j 4-M 1 ^1 ^LJll ,> SjuJlJ Sjl^aJI ^J^ iiaa. jj.1 Jj^ij '^^ 

<kiL_JI jLkoVl L_«S ^-Lil (li^/f-a) ,(_ ) $_ t i/ jl _ ) ,(^jj/^) olj^jJI jkjVi..Mj 

<-ia£ ^ i< -it l ju**ajJ CiLiLj ^Jc. Jj i r» -^ 1 1 tn i^ill (J _k. i_t^ ij .Liiojll ol_>I£ll ■ al"-^ 1 
^j^j l_o£ .1 i T i 'il l flU n ■ n"i J_ic cUj SU-Iji <iLoj-o <£.Ljj XI 6J_o J^Li. .-.Ua , ., ,LLal 
0^-oj t _ J J-a. J j_> ■ ni l ol_>i>-o jl jLLoVI oL-o (_5jLa_o <j jaj, jJaU ^LS Lo Ijl •Uijl-a 

.a-s_jILi oi i nil I .jSLol Uit-i->"i >'■«■ 1 j ■''•^" 

C LU5JI J^Ji J^U. > «^ ^1 jlkoVl > oL«£ j^SL tf H-.MI J^LxJI .-■--■ -j 
■k>5_^ Ja*_o ^Lo^.1 J^j d^) Lja^oVL LJJI VJ i. JLa^i ^j l*l .~»i jJxij 

-jiUl J^ij Ljia. I 'm -%i l ljs itj^-j <j-oUI ,_^3L\i3 ^ ("iicu/a.aN^x ii jiL^yi 

llui /^ J>c JLSj SjjbLiJL. •lLoj/^oX^j LiijJI Jo^^j <!+*/** l~\ ^1 J.^~. ,»•■ , -> 
iJ Ll\ JoJL^ll -s^kJ oi^SJI tikill ^ jlk«Vl jSl23j .j.-^l lj ^yja^jil j.~.. 
j^ t^^ 1 i^jM' u^P 1 uA; i^ <_>^Vl j^l JUi ^> 4_^LLLil jloa ^j\\ 

- W - 



<L a j ■ 1 1 .-.I j ■» "II ij ^iouil iju (£^^ In* nil! ^j8 < i n i i i_a-l. I CjIj-jjLJu r L_yl jjLoj 

. ^jjzji I Jj I jjj <S_^=»jj i ^^ci j 3 I j <Lu U. I Ci l -» ti i ill I .1j_>jjj ij< *> i hi ( _S 

pl^iij ^Si nil Cil_>J-flj i I ( ]" - ' ' "j I ( j "i f j-i-"J L^JbLaj;! A r-L_)JI | _^aj L-a^. J. I- . "n j 
<i olL <Xiuo S >!Li /C .Xa l-1^ I j I . ^ i , ." t"i) Jj |j , *1 i » . , i^l I j I i^-i I ->l I r L J I j j ' ■ — Ix. V I 
ijjj i_C~^ Lj-jL^j r Li Jl J i i Ji'il <LAjjia l-i 1 1 1 1 1 j . =, iS o n <L£J inilj I ([ iniLn ~» j ■ L&jjjj 
^ju Lioj L^j Us LaJi I (J _l£, <xSj_a r L_J I o Lc jjjj I Q * \ n-y «-^jj f l_»J I 6 Jx. LjJj i r L_J I 
fu-i^u M j) (j in! 4jo-u-u ol c -»>j3 — <-" I— a' f * — " ) JS iTi y r < *~i iJ ' oS \j-Ljj < i_i in Ixo a i n \ 

r L_JI aLaJil ^liij .6J-a.lj iS^Lc ^ < 'i . nil jlj_o ( _lt r L_JI <S_^=J SjjLJI ^jj uoJI 
.<tLaj/jla jLfUL Ljicjo-j ^^uLSjj Jil_ > iaJI Jl mtill jjji oL^jjJLi 

<JI n.nllj (^.Li^lj f-fJ^JI .^i) <JLJJI r- L jj I J In. nil J^-LJI <ik'm Jl Jj-^J 

^j .jkUJI JI^Jo «_if^ ^1 ^LjJI 0-° /^ ' D "' .' ■ "'' tV* vii ^ J=k , ( t '- :i --J' ^ ) S^>*J' 
aj\jj </• X I ^ " ■ . ■ ■ '■ j-Lu ■!;■ ■ -» 1 <_ J I n 1 n 1 1 j- L Jl I . A ii j. 1 nj a jJtLiJlj LLljJI ■ _ -j *■ — 

^ia^^JI _),/><, ^ Lo] .gi "1 inllj >_ijjjjl ^lio a JiLk Laij_JJI 4-jJ I— a_..tJ I r- L_JI 

.^JiVI Ij-A ^ jjjjjj ( _ f 2J I <JLooiJI r L_JI «_o rLj_JI uj^--" <.>'"'» ^^1 ■■■""■« - i.« --«llj 

jjJt >_4ij «<j_pVL << I a -> oj ^>% l i n j-Lj ^j 'ix?^ 1 y>M'j V^W *-*^ O* Ji^-° 
lt* C^' ^-J-^ Cj'->"J -^^Vl ,_Jt j^Lji <&>£ ^1 ^jj jj, j n'un] S_ > li JS .ol^ 

<LcUu/^V ^Ij-a. J* 41-iiupJ.I CjLc.j_lJI ^i iijUJI oVLaJI ^Ji j .^ -i e l_a>il iiLS 



-"\A- 



(/.) ^^'' 



-Ji vjJ-jJ' • t — > 



(/) 



-HI OjijJI . 



(/) *-u-k>J-i j-y- 



Aj^layi 



(UI-. /fS) 



' Lt J I U__ii t* • ■ ■ j ■ * 



( )-( ) 



iiU-ll c Ljll .U;l 



-,>!! J_-»l_iJI c Ljllj -±-»lj_>JI j^L 



c^' 



(jt-^/V*) 



jlk-Vl Lji_J _ r — iVl JaJI 



(j+-VH 



jLU-VILji-i—j. 



(j4-i/f-) 



jlUVitji-J^jVi ^ji 



jll».Vl 



(->») j-t* 11 'Jj** 1 <-?j-> -l»-ji" 



• cjji— all ajljAj' *->j-J fcTnjZL* 



i_.!_wJ' 'Li j J ,j-aj-JI J&— jill 



I- »-' A .1 W^ll J -1;J JoLuiy 



^jjl rfjlj^ll rf 4l 



c*l>»* ftj'j-^ *-^jJ iX^' 



-?-jJ Jil 



|.^j /ul—) ,_)-•" -"II f jifc— , uLlL, 



( V^'jI j— i" t i»-W' «jA W^ 






U-iVI 



cy ^mi^j< l n"IT<UJ.QllC ) |JUJK>- V) Ji***- 




l . i n < i 11 > ft i ■>' ' f- i - ■ ■ ■ Z'^ f ' -J -It *""l" 



(f f / lj) ^....i.MI t L^VI iilK 



(,j-) , nK .., SjIj-j. <-^,J Jil 

(/) i^L^i .r*J--" J»-u-iH -> 



(jtJ, / r ) jlk-Vl J»ji~J j-^iVl o=JI -^ 

f j| ■ ■■ / p-a) iLia.-.") 1 j3 n -fl rn.< f-^i — i> 



^LUI (.UA-altf 3UjlIall *Lp.mi CliLoll JjcUJ ( V - Y ) J££ 

- v\ - 



• i ■ -** * *U I >a d j (^ ^ If 

ia lxJ\ (ft.c^-alUSLu-UXt 2u».Qtl GlSLullV \ - Y 

^o 4-i-fllS oljLu jiljJ '/*■*>•» C£* "Uillll > flj_jJ=>-lJ ^_u-uLlll *n il l . t > o ■« -»">! I i_iIU"i_i 

, ■ *» I '■ « I ** ' j (I All O Ua_uu iftjj. I , J QUI I "I ilLu J" oil J isj^ajl jU-^jbU «l U -^ n i_jj-Sl 

— 3 •.!! <_,j)aj}\ -dj^JI Sjl_^. <^j-> — ^..nn ■ til I f- L»_ii.y I) Lj_a._^i ^jL-JI r^' 

^uLJJI oIj-^j^-o <_^LUI oLL-JI dlJ: (N-V) Jjj^ ^jjj .(jll^Vl - ^LJI 

J< .V. ^ I ^^ ,JjiLii ' ->■ I j J*C." ^i LuLu I j I u BJ Jj*S n ij L^xa Ji) aI J -»"i inVI <JLiLJi 

.(V-X) 



- V. - 







V*^»'to,A -TV 







(*-T)J££ 



~Al^ad\ ilwJIj J UiVl ,***». <ju ,£>I>»J I J JLJJI 



*>UI jljllj JL^VI ^ua o^ Jf-^^L, lsJj^ 11 JjL^JIJI d.i^. 



^5 



oL^.jj 3j>* ij-^ <jJ-«>-«Ji ■JJj >_ajj_>jjj . 4j 1-i_i -> 1 1 p ij^Jij j 1 ..■-.yi » — - ^j J„ ^1 1 , 
Sjl^aJI J till I lJ%1ij. Jj^JI iSj^ Lc J ^ J i_i_^ Jc l_ H JI JA _ tu _ ? J| ^Sjlj^JI 
iJl^^j. < ? <k H ail c k«Vlj r «_ ? JI ouSjI^JI oL^jj jj^-i^yJc^LL^iyL, 

i 1 " 1 > E.'k" 1 '"_' ^ ^^0 0*- <k^J.I £_L_^V I j e lj_fl I Jji J£ Sjlj^. <L=».jJ £ L£_,l 



<_oLlII 4-=J_>JI (J lc SjJ^ll <-i^a.jJj) > mill JJjjJI a_a1 Jj-o <jjl_,^JI <_a.l^vll j;"«" 
i-^Litl ol_H>ll C»u jl^l d.jAa. jJit 4jjIj-=JI i^lJL. J I ,i,:»yi j« ,7.jj . jLm^^U 



SjjI^JI "Lujlaju Am-vll Sj'j-^ <Jljl U_i -t 1 I j-vll jS-tu OJ-a. J I im'iVI -j 2L,^ I I 

.(ju^V-fo) Si£. a mai l Sjl^ <^.jJ CjLj ^^ <JisLaJ.I Co - l$7>lljj JjJUa _;■■*'■■ 

. 4 tij -t il 4 *i j il l Jj_a a i.i -J I I jj i i j. "S i jyJ-ll 6jlj_aJI ij^ ij'j-*^' '-'J ' * ■ ' * "' * ' 
<^-_)J Jj-o) 'U-kLil.l <1j-JI ^yJj I (j . A « i r-^-j^ J-a'jt 6JX. ^jic 4lo rji^J l -lll Sjl_>=Jlj 
jLuJ^J ^-.P CS^- 1 J-o'j'-J ("'>$■" ^^^J P LauJaVIj < i u Hill <jjlavllj clj^JI 6jl_>=. 

t _yk_}Ji f-°J ( f ' ' ' 5* I ' J ' • "J * * ** - -~' I "iJ I aJ Ij is I LOJ 1 1 «l I fcj '■] 1 >iaJ^U. I J-1J*G J"- " ) 4 I ■ ' ° '■ 

j-ajG <<_ujljj ,j£-aj < 3 — Lt5j 6j j ■/-»! I (j inL-S J j -> "i ■ nj ^^iJI <jjjjjl J_oIj_jlII oLiii 

ij_^ jua^. . Ljjij^li <-^i^iL jL^yi j^t-A Jj: l^lui ; _,•,_, ,n jai^di 



JU_l.y l-^J-^ 3j^> <J^jj)1 J^Lk J^i <k_.->ll <-1iJIj a m.-vII ^i (^jl^aJI JjLilJI 

%3 




Conduction Jf^>Ui 
Convection J*=Ji 



Radiation 



Evaporation 



t 



UmSVI 



_pjl 



(A-Y)jSi 



- vr - 



- VY - 



Jc t£jl>sJI uj'>^ <-l*JI <Jjl*ll j^jL jti ?!-._■-> 1 1 j^aLlxJIjjL^yi caj tsjb^l 1 

(ASHRAE ) 

S = M - W - E + (R+C) (1) 



■ frmaJ ^'Jil t^j'j^J' jf*^l J-v" J-i*JL' jl c5j'>=^' Uf3*-*" J-"" = S 

^/ t i .■ < ^>U jLoiiVI d^d'iml £-0 IjJjJa i_i.uLu.ij i^Jjjllill JjJLo = M 

. ■ •> ■ i i -^ ll ,JjIjjjJ j_i-> fill Jpja J>c ajjJaiLI <ul£JI Sjlj^JI Jja.o — E 
J^JIj ^Ij-iVI <k*Jjj *kiail ^u_L*JI £* ^iUI (5jljaJI JjLUI = R + C 

>UI yS-SBLlI JJLAII = W 

(M) ftfcdjjLLXl JJJM -\ 

I o ■> I "■ -> j ^1 «iLLJI j_a tilfij JjjJ. Sj.n^Vl 4.k..,ljj *..,..>:■>{ I J_Jj <L3LU I J^ 

AJjjj 1-k i<-illj «LaJ_iil Jill •— S J_>i=J I _>LxL*kV l(j"i nit jjjJij ■ .^ -j <ijUoj <LiJLa] -I I 

jljjjj ( vlLI^j LLu> "jAl jl •> 1 1 1 -> 1 1 >r k. ii Jja Xi/oljjV -II »^. <t_vl J I <JI_>. _fl I j "■ - . a 

ji jL-^j jL^j (Olesen) ,> (x-x) jj^ji ^ jjj ^j LLiiii sjLj ^ 

X • Jj^J <L5LkJJ <J-lm ^"-<i~lj) <L^L £>-<. <JLkU 4 » m ■'-a] Ja /0 • 4_i_uili U.a~ ■. , 



J_) » - »_o ■* I i ■■!'■"■ - 6jj) i/>t 6-VjljJ I Sjl_v^aJI J_o ,_)<-■ l~> "ill _ju_i}U.Li t-i» 1 I J I in'i VI 
— J_a_JI — J . .^j ".ll) <_&j I,. ... II jj-tJI <Jl—JI O-A ^j-4 a^'i Vj < ■-.■■■■■Jl _vo I (j->L!JJ 
Sj-iiJ < I ■» u U iL^j— _%_=^jJ t <-_il o r j^yi-^J ■ a i ■■ "^ It (^jlj-=«- j'j^' ^J- 1 -^ (^L«-*iyi 

* )*•■ *" J-a r""' - ' *— * i~> 3j*^ j J -4 J ' tj"*'"'l ' (3 -1 J 3 ij^ Al " ■ «— >j) 1 1-< « I - iJ _>^-" ' J ) '^~ * " 
i *• "■ ** i j . - ■ . ■ — 1 1 ^jj, ■ -^ .II <(_o j^U I 6 j I j-^J ' j^=i I i.-i"i n I Jc *'- : ?-' I-^I ' * Ax^r •~> u ' " ~* 

>■' -^ - <G^_>a. <Lc.jj.uj < In i -w 1 1 c I j4-U 4 ii in'ill 'Ljli^l ^^yic j^-jJLj SjIj^JI aii Joa-o 

. c- I *4J I *lL u-u 6 J Li \fl ^ 1 1 1 ii il I *Liaia J I jH*a I ft"fc I Li Jj Vi 

fftm-yU ^y-^ajpjmrttl iJjIj^kJI jfljl*\uTl 4-ajjIa X - Y - T 

-»tll Jj ^J^- **• •— S„5j-"=Jl ' tri-> n ^Jl ■■> i ii~» II (_£_) ' J^"»J ' jj'j^' ^Wiftif ^j-^ *>S~. 1 1 

(Hypothalamus) iJj^Ai ^l\\ n <. J^xj (Thermostat) Sjl^l <a.jj ^^L. -Ula-^ll 

^jJ-j Jc ajj^—JI jl 6jl_j_-»JL ,_^il i ii -»V I -i-j-ij -,_>" X"A — V"\ j<_i i i ii ~> II a il-ylgJI 

. jI-JL 6Jj-i._jil 6Jj_>iJI jl Sjl^rJI O^l iVunni iLolil _l i/irVI 

< l_ > l_j_=»JI <» inVl jl c\j n->ll Cl1."» <_«_JiVlj <_il_ > II ?.»,.i.uVL jl .ii'iVI ' I7 ^vjLllJ 

Sjl >aJI CjL*-kjJj ,_yj I 1 ■ 1 V V I j .1 1 1 1 1 A-lJI ijl- 1 ,)-^"^ ^jL*-^ ^-^J-* if 1 J ' ' * "' P.' "> 1 ij^i 1 *» 
JjjSj-o \ . X ^Jj ..A^t lj_o_-JI Ci-iJ *4 t imSU j^lirol ^i^-i 5l iJ^->_ij . i^kl^lj 

* t * ■ '■ ' ^LoLxJl iJ-A <JAjj j*i 1 iV ' juai — iJuJ I \a j iS I 6j' s—^ J a_^jV I jiii uJ I j**u6jj 

. l _ > iu>_LI jjjI-j 

5jlj_=JI I d j i (^gjl ■■! Ti ljJ-II <J I — =»-J I L^j'i-J •>■■■•> II c5j'j^' Oj'j-^' ^11—^ ^- J 'j-*-'J 
jLajVI -....■% ca-> l5j'>-»-' JjLuJI ■liiLc JiU. j* vJJjj S nn'i^tl Sjl^l *_o Sjjlill 
Sjl_j-^-». i--».jjJ ojLUI Jj_«_LI lJ Jt i^l a til *-i-i-4-i «i U_i -> 1 1 SjjjII j_i^->Ll»Jlj ajltj 

JjLlJJ <jjl_ > -JI Ji'SjnLuJI «aLajJI ^ju^j) Tj-^ O^-Hi • ■-*■■'■-> 1 1 J iiLklJI c L-acV I 



- Vo - 



- Vi - 



tjlj/ JilS Y>U 



yQ < „Q 



j_JS 



. Q ■ -* L 



U l ,V.y i 



u^^"° Oi-4 



. -U 



• IV 



■ VA 



m 



\oo 



xrr 



. \ 



Oj_jujj 



N.o 



t I j 1 1 i iV I -Laa. ^JLljjJI d . i.la". ( „ i j^J_ a 
a.LaSU <ija l_iJ I rj'ii n ^).-i i n 8 — '"'jj ■"■ — jjjafclj ^uj^Lo 



Q a >a-» d i a . . ^» , .. . y ^ 
i lj^ — ■ Q 'Q*- i_»l jajj — * j 1 1 ^ a *• I aS i . d al .11 






- J>Lkl> - <L^a_U> .a. LaS U 



<->^ 



_*_a 



— 5-ji^.lj ,_hij^L« 



c loa-j — \J-& k_iljji — ^-LjjJo aLaSiLi jIjjj^j 

J-ojlU <ia> iiJjjl S.i. la". i _ >liJ ^Lo 

<Jjj u ^ijni - <LjL J^-j'lj aLo^L dV.La S.U I ) l _ >UJ ^Lo 

— ,_ja_^ ,_jl_j_^, — (_g_^J J - fi j o£La.j Jj)l U'i > <LLL2 



^-j^ui o* ^ii^M c»ij^si (>is) ^^ui j> **._, j ^ 2ui4i ( r- r ) Jjll* 



- VV - 



^ULj.LLiJI 5jL3 ^ Ui> ,_JiJI oL^ J.i»-a jta^ La£ (ASHRAE) Jil 



V-i, 


met 


tal &3t\ 




£V 


. A 


Jilj 


oA 


\, . 


cj-^j ,_>Jl?. 


V- 


N.V 


— J-o — *_o — Jj^a - ._■ *iS n) ^j-ijj^a-La. J_o_C 


v. 


\ X 


<^s,ljj w_a5lj 


\x 


\.A 




\\V 


v. . 




Wo 


r. . 


— d 1 , a", d '. ,*s 1 ^ lc iLqX.) JA-aJI JLt -LaLiii 



SUUaJiata^jSlJ (M) JlJ_9JliaiJa*l^ll«i(r-Y) JjJL* 



VI- 



^' U^! Mi ^' i>" r*l> ^» -^M 1 ^> i> *>^ jj*Ji jUJ <ei^ 

oL^jj ^LaJjV ^43i f-~^?JI Jilj Sjlj^JI <^.jj SjLj ^jl a" jl . ■ ■■ -■ 1 1 ^jlj^JI 

V> , Volji • • J\j*. ji*. _sLJI jL^JI £UI yi Ida. jLill J^JI > j^LllI 
S.ii«_* < : ±kc ^ jj^JI ji^: ...^u^ SjjJLall ZjljzJl joij jj^ii ^1 J^^jJI jl^ 
JjjjVj j^ ^J <L*A*j kL-u Jj_»JI jl^il SjLj j_ofl jVI jjla. LL: iaj^La ja^j 

< ".' sl 1 f-^" - 1 — M 1 g J -"" - a J-oI^j jj-*J! j'j-sj <JL*. ^-ij ^ ... ;>H J-o Sjlj-a. ,^1 
,> o^iHL^ ,>»U-ii ^ i^ka.* vj Uj (Fanger.P.O) ^^i jilj ^i^, = (E diff ) 
Jj-»-oj (met) I LLiJI £ju iiiUJI oLSI jioljLjI^JI l^\J\ 5JL^ ^ a i > •■■••-" 
(\ .-Y) J^iJI ^ JJj j^j (E sw ) j^l jloiij LLiUI c^j (t sk ) oUI Sjl^ 
f ^-O^^^* 1 ^ 1 J->^ ^-^ ^ (Olesen) > ^Ij^l ^k (W-Y) JSLtJIj 

-ik. 5j!_p. ia.jj Jjjl^ ^a L ,,. <r ^_^l%j J_>*il j-^lll jjjL Jyi Sjjiiil Sjl^JI 

. jLuiVI 
^^iLo^^j^^^Lk-j.V^jl^JI JjLpJI (U-Y) JliJI j^ijy 
l >(Nr-Y)JSL^I c ^ Je L^(ASHRAE) ^"ahA B ; ,U . . i J l^ a L AjJ 

^-ifii. <_k*j Cxyj*? f-?-^ 1 ^jk^ujia 1 _ K aU_iV SjjSAII SjljaJl ou <SiUJI (Eichler) 
ilU ^ £l^iJI Sji^ U. j4j j^Jlj I L^iVlj ^UaJIj J^*pJI j^ ^ JJjj 



- V\ - 



jj*uJ3\ Aia^l^J Sjjrirttl 3jl>*J I - T 

■(Esw) Jj*^ 3e^= k> *J>ii* Sjl_p. -Y 

cLiiil Sjjiiil Sjl_^aJJ a i.i h'iILi JjIS jj* j (CfQ5) J-o^JI ^^^ O 6, p Lw' 'j'^ 1 ^J J J 

: ^Vl^ Sjjiiil Sjl^l a-i5 ( _ r Ic 

C res = 0.0014 M (34 -t a ) W/m 2 (2) 

E res = 1.72X10- 5 M(5867-P a ) W/m 2 (3) 

Jl^uL — d^l i _ g -fl c 111 jLa-j Uii i A = P a j 

(E d ) AL^l'iU^y >k : Jl Alawl^jSi^ltl 3_>i > » t ri -t 

jj^I] <Jlj ^ ji=JI JiLk ajitri.tl ftLil ?j.,ft£ jA.il ,j£. iaJLJI Sjjaall SjIjjJI* 
1 1 j-^-U 6LJ.I jLa-J -LJLuoj (P s ) jiaJI Sjl_>^k 1 ^jj JJc « ■ • * 1 I sLJ.1 jLa_i t-'* --^ ^i 

■ (Pa)-K-J-I 

aialll JjjJo ^)C I d J 8 ,i^t 7'^ UJ-^J ^»>" J'>^ jlj n "> inL S_,lj_=JI t>Xb ,\ 8 4"j 
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£!>iJI 3>!>»- 2u.jOj l*I*S^5.s>iitt3;l>*Jl( VT-Y ) J£& 
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^l^l3L>I^IJl«^^lifciVlal^l^3ia^laSja^l5jl^3l*jijLU»(>.-T )JSi 
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JJ^lllil J 
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iilil o 




ij)\jstH a*.I^Jl JLsm ^ joLstiV JbLiLJl j>L«l 2JI JS > » : JJL) SjjaiII Sjl^aJI ( \ \ - T ) j££ 



- A. - 



ia.jj <^l»5 ,> J£ ^jl^li Liic. jLui^J JI^H <-ijl>=JI <^.\J\ ji ^uLiJL, Aa.j Saj 

^LLiVI iJU. (_»*»ljj U^l VI . liujSi f-iiiJI dC jl <krxiLo ■ ■■'-■j .ciSjJI ^-a'- ^a 

-t> ■ « ■■l~M 

^^> 5 J>^e ^L^ 1 <*J**« ->j-^ j^ ■ ijfU &.^ ji ^— i £l*-£l j^^j ^ 

Lf* J* 1 ^' LT^ ff" J^ ->^ G Jfr^! &£»■ ' 6J>^ >*-aic J£ jjii'G LluIjJ Ujlo -_.«,^. 

dHJ <ikljJiil olj-ulUI ^Ju\ oVjLJ.1 > jjjjdl Jill o^Ji Aij . o5JI ^ 
cr* U^L^Y dljj . jUuiVI f_^uaJ 4j ... ->l lj ^.jjjj ,„>all a, U-.,. f yi ^ oljjiSU 
^Lfe oLkki^ ^Je. <ejl^JI iaJjllj <^U.I oljaJtltl Ce S^L-o SjfoU Sjj.^ 

.La* j^LjoJI J$-cuj 

.LjJLu LdA^jjL^i^LjI^JI iLUll JL^ j^^jJ ^Ull j^iiJI j^L OJJJ u 

i^jikLill ^_i_ifl"ill <J.LjJI 3_>UI j^j»l j^>j 

.(Olgyay) ^LJjV < e _,l_ > =JI <^\J\ <k^ -\ 

.(Givoni) ^>^J (Psychrometric Chart) ^^j^l^jl ik^iii -r 

. (Effective Temperature ET) ijQl\ Sjl^aJi JL.jj ^ls <jl> -V 

. (Calidity Factor) ijjU=Jl JLJJI J^L* <jl_>L -£ 

jj_>jlllj <lijlil — ^jj/i^jdl iSj^ —0 

.(Evans) y,iL\ ii^jL -*\ 
- AX - 



4jjI_^=JI <a.kH LAlt J)« -> u ^1 LiiLlI cij^l < <J_)I_>^JI <a.LII SJtLio Jlai 

. ...^1 ^.^]j 1 .nil I LLUJI Jj-uoj <L^.L1I dk ^j-i-^- JJt u^^-^J ' O^^Y' jim-%1 

j I j a " ■ -V I <~ajj& jJj-H Cui <U Jj-a-a J5l ^1 "GjL-a. <e-jJ fjkVU f>>LJI jL^yi 

LlI . 3 _.. ■■■•.II rfjjLjlljsL^U iiLJI SjIjjJI <_=.jJ J^ J£ ^ ij^jliJI ^jkaJI 

. e LfJI <£_>=». JjSLj £-* ^Lo ^.. in . M ^Ij-il J>a.J j*^- dljS ^jlij 

Comfort Temperature (Tc) 

:<JLUI <5^UJI Jx Jlkil ^^a-jLiJI eljfll Sjl_^ oLjJ ^_>f^JI ia^jlll <jj^i«^ 



T c = 17.6 + 0.3xTo 



(4) 



J c J* CA^-jJ C-^ 3 J' ^l""*^ T c | L^>JIj T cu ^5^-aill JjJ^JI JjJ-=>^ 0^*jj 



T cu = T c + 2 
T C | =T c -2 



(5) 



■^'j Tcu i^^ 1 AjJI ^ Comfort Zone ^j 1 ^ 1 ^'J 1 J 1 ^* j -^jj 
L^kiJI jj-aGj <^/j^ u • fc Absolute Humidity ^^ ^^°j Ce Tel er^ 1 

Sjjjil ajljiJI <ikjj laiJ <_ijlj^ lajl-i->_i <UjjLaJl 

(Standard Effective Temperature) SET. 

■?■->■"' 4-*_)C- |c-* l >*- ' < * > J |J<*I *> '~'V I jj-o <-Cj ) n-s n ^Jt «l j I n « 1 1 v_ijl -N "il l v _^uUjjI ( _ f ^C.J 
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3- r - 



v- 



^4r 



^-w/^-^J 



Jte *^<//. 



J <^> 



, ^- 



■<*«*. 



«fEfl3V^u.. w , 






1 



-^ 



O 



V- T. T. I. 




Uu ^4(4' (»S*ai JlUj >y-lj ijiAj tfl-a/j'* <U)f>kiJ 4&!>ll <0«>5» ( U-Y) Jii 

Jj^: jlaj <tj-u *l>f!l Jfj^u <ejl>JI <a.ljll Jja->-. jiaj .i^JJI iiklo ^Jcl 
■<%>" cA ^J 1 .^ 1 ^'J 1 <&^ ci^ 1 ^ SjW J»>kkJi ,> Ij-.-jS 
j5Lv,, i^KJI <_Ikla Ji-^ul jjLJI JL=ai i _ y i^L^]J<Ji_J k li a UiIl^ J _ 5j ^ J 

^LjIj i^U^N ia.1 Jl je-*^ 0^ J^j> ■ ifj^i ^Ull '"su-.i u...n ,-u 
• <*'jll <^e> Jc ^LJI jLJI JLJJ J> c 11 ^ ;U1JJ LlilJI tJ*J ^ ' " W 
J^I^J iUiiJI ^Liil fk i a ^J| J^L^j ^a jj^ JLJJ I iL^k. ^i ^^ l^ 
Ijlalxl , ^liLI j^SaJUl J:L^j jJi'G J>ta . jUi*l j^j. hjlLLl Ljlj^JI <^IJI 
4^J_JI ^Jc tjJl'G JL^o Jilj L^lo JS J^LujJI clt i*iL Jia <»jl>JI <*.\J\ 3 5L.-.1 



- Ao - 



.(Watson) a>^lj <5j_Ja -V 
.(Mahoney) Li.LLI ^JIa^JJ ^jJslo Jj 1 -^ ~ a 

, lu±.Lll oLUJI cVUil ^lSjS ^i Li^V Lj-ol-iil—V ij^jjl^JI 4%h^IIj 
r .l ? l_.-.-WI cU tiitill j^JUVl jj^: ^4 L^lai^L^V ^>*La Jjl^^J JLJjJI 

. ■ ■ --» Jl *" q .1 . 7." I I 4 mm ./-Til I 

^u?jji j>SrfSi ajjtjjtJ' a*»i>Ji ajoj^i-N-t-t-T 

j^j ^yi-LlLI (»Jj5"<ll 4ntVin <iu_Ja fj n i r»"n LaLi J-a Jjl ^UaJjl jlj^-V! _>JJ-*J 

j >|"| i~j . iijljijl <ikl_>JI Jjs jl.n'iV I Cil_ilU"in *_o A<=>lli LoJ ^Lill _>— oLifc ^ji ^S->">l l 

•p> JS <_i_oji«_oj 5_uLij <kjj_a. Jt <Jjl_ > ^JI <_a.!_>JI 4 SU'io Jj-1<" ^^ 4-Lj_ > U I 6JJi 

si* «Jij (M-X) J<.v. rt-^jj Lo^ 4 j ■ mill AijLJlj .= 1^4!! LaLJI Sjlj_=JI L^jj 

<juiV iJ i>_ > JLlJ I jl t Ij^il <Sj^. ij Ja. ^aj 1 ijJi Li I ^ mo i mI I ijuiV ^m->l I ^ j*jj 
«_cx*ii >---^ . ikjjiJI ( _k 4jJ_>]I iiklo JL^-o f-^f ' c '>f" ^J^J J^" 1 *^ J 1 ^j'>^ 
J^j ^ Ji^Vj . elj^JI ^Azji f-o jLuJI ^JtVj . *I.hJI &J^ £» CaV 1 cf^' *+?■ 
J$ ia_iiJ I « ■" ia.ljll a SU'i a fr LjjJ I <LsL-^e . 4l">-»1j jjiLua ^jlj^ jl ^ ■ " ' " f" I 



)L<=> 



!» 



i .<^".l I ^1 . I jj , <Ui .<->".! I w »uii ^k Lla j. ^-i'vf 4_=J la-a 4 _i8_iS J S i T i l I £^0 jjj 

d ".I I 4j^jia J I j c I j^-U <iUJI Sjlj^aJI <^>-J-^ 4JLoI I 4J-iV.II f>Sj j'n » . j*.\ j -^'if 



- Al - 




•n» 



i^Lil i^klill oULuJI fhy, l „L ^lUI »_■-■-'" JJjS J_J>la J_,l_». - .--■■- 

ji^ . -<JJt\ i±lu.\ cjUljl ijj ^-jLlijl JjIj^ji at >i ^".... i ;j ssu-.. ^ ^ 

<JjVI oLSj^L. ^jo.^-.ll <L.J. LluuHII a _■„_..., --.II oLioaljI! Ji*i Jl Jj.^jM 

aij s-JInly ■ jlkaVl J- <J n ->ll jl jJJJ I C lj_$JI J fj_dl Jl <_^.LrJI ' ■ ■ - " J 

j_uali«]l J _. ? ■ . . ". JjVl ^ jO, o_^ ■ JljUi Jc Jjia^ ouji ^.ii j.-, ,„l J.u -II 
U^lU u rtJ ^ , rn fu jQll Jja^JI Jj . SjLLUI iikiaJJ <JU.I <_w_l_,Vl <^LUil 



- AV- 



j. j ^".1 1 ji ._t.l-. _j "II ji iLjij ill Jl* 5 _, J,.i JJiL^jJI at jj£l La SjLcj - LjjIj^JI 
i ■<■•.!<. ~ JjLoij - 1 »-^-.... l .-■ ■» jjoaJI 6^4 r jLk. Lol . *■ UuiVL <lijjJI jl t£_l_>^-ll 

.cjj^jjl i , Q ifl->~i j] i_i lUjJ jl <ifljl]l jl Jjjjll) s I ji-u 

a_>l«J>SL-Jl 2Ua_>iJl Y-t-Y-Y 

SjlaJI Sjl^JI ia.jj Cf^i il^UJI (GJVOni) <J jj> ^ J _■ 1 4-i^lojj ^m i l l 4_L_y=JI £^e»JJ 
La.jJ t^jl ... "il Look, aijj i ojJ>il 6jlj-=JI 4-^J->J * Ij-fU <^_>-ll Sjlj_aJI <-^-jJj 
<j.|j_JI <_J Jl <_kla J u ej ^ a ■ j . 9- 1 » ■TiV I Sjl_>^ 4-^.jJ -Jajjjjia £-a ifllaJI 6jl_>aJI 
Ojlj^JI <^._jj Ja J£ LlojIxju (NO-Y) JUJL 4 -. . A jll Ljl^jjl^l iUjjiJI Jc 

j_c jjjStf (ET) Sj-ij-a Sjij-a. 5_^jjj ^ • ,>. jn Vi u*aj jJij *l>fU <JUJi 

"\j0 Jc jL^_JI LaXfaQ J°- Vlj /A. Jr. ?j wn'ill <J>i_JI JJJJ ^1 i^*?^ L*^ • O"^ ° S^ 

.<_____. I o.l4 _i /Yo Lajjjj ^ '■ <-ij-t=j L*- 1 ^ JjUjj (mb) jl >_ 1 1 o 

JIL^jj . ^jjI^j^SLlmJI ikjj^JJ ^lla^o-JI oVL?il (\ 0— X) JSLill £_-ajJ La^ 

. a i < . i .< . '.k . n ji i . .i , .. aij o^ f ij ■ " i o in c j-^ J-^i ^ ' ' »m (c-^'-^! c^^ " I 

.o_lkll _j)_=JI U_JI JU- Jl o^^ii 

(_^ji^iaJlj oh»M <jjla_Jlj Sjlj^JI oUwjJ oVaaJ. <J jlo j_wJ I Jli»iVl £jjjjijj 
4__|jJ| j. a -w' L^J^LL ^jjikil («llcu/j4_»i.VI) JJt JJO-aJ vj^-a^ ' I <?_'!*" *-* {4>° t£^ 

. _i. Lla aS-» i 4 1 1 1 1 ij !_JSj <jj l_^=>J ' 

J-o I jXI I jJj Laj -^- '■. Ja /g I i->lj I "UaJ j^>.j <j jj-a j jN mil I <Uaj j^J I j^j <U I 1 1 1 1 1 1 t-i-k ^Lij 

<jj_,_J I j c I J4U <iLJI 5_ l_^=JI <=>-jj) i>"i^ »>=^l Jc. J^LllI -.jialll SjjiJ.1 <j_=>.L1II 

I . A . 1 a . I ■ ""j <L^.I J I < a U ', I a , , ,.'.ll , A . -^ I ', n j 1 . 1 1 oV I -> I I JjJaLLa *Lil itiTi LaS M 1 n nil I 
\l_l_J! Ji"v n">|l JS^ij «_^3j Jl .Lii ^J^LL^VI J-fiijJ .( ^ in a . ni l a^-> "ill JjLl^jj 

.^LLLI J^IjxJJ 



_-^J I U; .All iJU _j i ja.j : jl ..II I ( \ ) 
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S*jM 



/U/V- 



f'" Cr*Ji* 



/V- - f. 



jlkAl 



/li /V- 



. i ■ ,^c J^ 



/v.^jsi 



/«• ^Jil 



* • l»* -y* 



r'- 



/•- Cr- J5« 



us"u ^r . . 



*,!>! »l**l 



• ( f Vv)* i>io.i J u rf- ririj b i.i (> . 



ijlj-J-l «^*ji Ji—^^-a) IjLf; »_,)j_AI xj_i 



1/rV-YY) ( iol>l l»l,)l ^ ^ ju 



lj-lii;.... 









(.^JmJI 5,1^.1 of ja -k-^.) \,l+ jU 
>b ijl^J-l ^._,j ^Li7jJ j. ( r 'r 8- \ V) 

•JB^I l£)>>I .y->^l Vr- jW ' 






■fWa, 



O-ijU-l (r\) 









2U».mi ajj^ufcualll oUliaai ( t -V) Jja» 



-I >^"...l «^ j5j .ii^Lill i=JLxIL i^aUJI oLUalll liijxl , Io'iij Lui <JbUJI jL^_>Ij 

i <^jl..7i"il,l iiiwliil ■Sjnjn.j-Vill pi illi'it I Cilj «U^liU a-JUVI XiiJ->"i ^ JjljjaJI OXl> 

>^»ij2 <Li>-LlI1 (tuJLaVl (i;,jr.<rt*> Y-Y 

<Uj_=JI jl—^ajVl ol U-t n oLjl— ij J}La. jj> j in n ^ r LiLI _>_^lJ£. < i.iljj JjS.a-i 
laj_>] I jj^-aJ • Cj Li Ld I JJj J>L=>. ^-°J . 4 ti-» n i Li J J£. M-uj jifio t Laj I ^ 6j. m"U I 
<^a.^j_i ...all <-a.l_>JI ^ jLLaVlj ^LjjJ'j <j>UjJIj 6jl>aJJ <^j'i .till ol^llll CA^ 
. <Ll^ Lli I Cj LaJ l« n il (_^ j l, ft» .l, I .-> \ n . >-i"i 1 1 Cj I 1 1 ti~i n OVJ ' ' ' "'^-1 

oL-LLu_o 4_j_a <ul mi" ^jJI p^VI iillj j_a , ^nj n i^-i "ill LS i>.LjJ.I ■■> ' 15V L i ■ ~ 5 ■ j 

O I 1 1 li"i n 1 1 Ljlu j .<1n ( _i <_i^.LU. 1 ajJLial . tin .-i'i JC 1 1. 1 1 j . -^.Llil (CjLaJU.1 « i « ■--»"■ 1 1 
I . ti 1 1 I m n i n ij JS i Ti 1 5 j-LaJ. I n_o^LL I Jc u-i_^jLlJ I <Lc_^uij J 11 ' " ^ ' ** ' A ' " ' ■" "' ' 

. "U^jiJ Sjj^-eu a i It I JSJ »j5U.I 

ii^Lill a_JUVI . ij'un'il < I J ■ iij£ J-JjJI Ij-A ^ ^yj^JbLi Jjlaa. iiijJa jLikl ^j 
j-fl i ^j.^ Lli I .i i 1 4 1 1 1 3-^° Cy LA j-iC ^^t <L5j^JaJ I viLLi «b j I o Ti U i jinn JS < nm.ii'il I 
.i_JaJ\ jLzJIj^aLJI jLJIj^^I ^Liil iaUiV LuLul ^.[.^ 1^1 

4 * < I *** j I a > -v 1 \ L, I t^iA.^nll .^.1 t I U it I q| ^j\ y^Zi"$X\ i»)->i if _)ijfil_C d ip >. Lt L ^l*' lJ 

(j) ^LJI jUI C.UII ,j^i^ : JJH <^j^J.\ 
( C ) JLII jUI £IUI 1 _ > ^Ji : 4^liJI 4^ >a ^J.I 

C '-J_2w Li_L I <xa-t,.o..i M Q-J I O ' *1 ^ *1 I ( i — > ) JflJ^L *f ■ f^lj ' Q 
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.(o-Y) Jji=JI ,> - ■ — ■ L£ . <4jLilLI oU.Lia.VI olj gjnjo.^'ill iiilUI fJLiVl 
0- Jtf 0-° C j!^: SjiiJ iijjj-^ ^v.-t-' 1 <e^! Oj^ ^j'vi icj^l ^i <al JiaaLy 

^^i.1 j^a-xi £:>£ S^ Ljj <j>i^. Oj^ ^iM^ 1 a' J! <*L^V L . ^il W>1 Jl ,*-i 

d II <AJjl J-i S_>liJ lg_ii ijjjj^a 1 _i»_ij l il l ij^iJI 05^-" <Lila]l <ij-a^J.I Lol . j^i I 

Jl j^lj j^ J- J5I O-o £jl_>^ S^-aJ v_,^Jko ^jl>=JI OiJ^ 1 0>%3 ' j"- 1 ^ 1 ^-* -^1 

, ^LJI J\jL ijj^Ill Jl ^jj^. ^LO^- 1 **&i *» «>floYl **ijVl oLcj^=JI ^i U 
qu J^UI 0^ ^J • f L*JI j>^i JL> tfJ l>JI O?^^ 1 J! Je^ C 1 ^ 1 ^"^ 6^J 
5 J LLJIj l _ r = kJ UJI f.^111 <a.LJI Sjli^ jj>JI ,jit ^^ JUJ.I dJj J^b i^i.LJ.1 jvJlsVl 
OljI^II oLcj_«JI LlIu , (>=.jUJI f>ilJ LUl" ^Ll^l V OLiJI itj^ULs . j_>_JI 0^ 
. (Jljlll ,Jc. jjSii j{ ■ "^ <» unj j^ .til <ajj1j Of^4-" >^ 'Sf'i t^ixj i^jjUJIj "Ua^UJIj 

^^J. ._...^-.l l ^LJ.1 ■tjM.a'll ^ IjjJ ^jlL V jkll 0^ <jL*aJ' J*^ 01 0-° f^-JLj 

^' ■ ^J> ij j ■ ■ ^0 ol_p9 JiLa. ; jj;^ pljn^i jLLoVl isjJLxi CjVLoI^I SLcl^ oaj <GI VI > 

SLcIjI , 31,^-.. icLoi Xi Sj... J>U. oU«.m jLkol <j-oS ^^-^il isj-»_o ^i^j Ijlj. 3J0L1II 

1 * ■ — .1 -^H oVLaJI 6JJs ^-i ol iti'ill rt Ui 11 0-° jLLia^M iLiji i_Sj-^Q jj-" (>_' " "^"' -^ ™J 

.jLkxSU ^^^jlxJI iajjjjlll i^ ^ _>fliJV ^Ij 

•ul j U-— >l - «_a j^ c <^">^ j-L 3,i m no "ill < j-^LII j^JLiVI ( M-X) JSLi jt-i-ajjj 



-A. - 



Um$jl\ jjbjJI Ja.U |tUil \ - Y - T - Y 

V "\ Jj-*Aj <j_ijjiaJI ijJ-«-jJI Sjj_^«aj ("V-*) Jj-1-?- p-^Jf L-<^ i»^Y' '^-* j ' A " ' J 

^! c^^vi o&j -j-^' j-^ SjJ - ^-h^ 1 ^ ~<-^J s J\ ui^yL .ii^/^^.^ 

V JdJ-aj j_^J| ^ <jl_a_aJI ^1 i-a.LJIj 4±*u/j-t-j, i , V Jj_XAJ ^jlj^JI JjjA. -II 




«Uu,>UI >*aN J».U ^ulflV ^LU! ^x*-a^l GLdtai. (1 - Y ) JjJl> 
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yA2±i I ySWiJ I tJ.^.L-U A. iJ-fl ) 

^gjlj *^ *« ■» !! a-Jj^j I ^^3 

jliaJI jj.ui ^gjlj-. ..-ill j»-iJJaVI 



< *^^J I i ' ■ 1 1 ^^u Ui I tC >^^^ I /I ^ i "i ^.«^lii3taJ C iAJi'.v £> W Y^*> d_j_i^" f ■ * i ifl y,^ .ii J I c I « *n. ■ «"s I l_i ^ * fl i i_q ft L-\ 1 i n ^™*^"^ 
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auaUtti ^jiivi ( u- y) js^ 
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JjyjjiSjjfi 
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j'j^J? 1 


\ r 


. r 


^ji.i».\,Y 
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>^». VI j^ull J*U ,«u£? ^Ull ,*^aII1 oLital* ( V - Y ) JjO*. 

«ULa. ^Ji <Gc jjj-a.Vl _>=»jJI J^-" J^f ij^J -J^I.a11j c^J*-" -loj-l ^ .^^J ^-^ L^jIjaJoj 
j-> il I ( _lc I_£jil_u-a ^>£ (^j» i«-il Ij ,, nlA«l I 6 j l_^J I Cj La. j J f-'-'J- 1 '- ■_' *> ' J&ajjJjI I >=>-^ ' 

^^_il J>UL ^LJI jL^JI JLJ.I ^Vl Jt >i ..Mj .^.t-X Jij-a^ -L^j-ltl 
.^juVl — V. , o ;>j 6jlj -J I ciLijJ <Ljj j itill oLLi*i_j-lLI rjljJij !*m -> .> a_i .^-»ll 

<cl"i iVill JiLi. Lal./o"\-/l"\qU <_ti «.i'itl <J>lajJI oVja_o SjIaJI ,_><j-flj ^ ^jIjjjj 
— ^ . ~\ ,>j rjl_^j di_i-> < JjLJI JLa-U ,_ji SjljjaJI oLa.jJ <L j (j .till oLkxujall *JLii 
■■ a, .^11 S I fl'ir clTi i.tjll ^-i <Lolc < 9 i^ii 5 j I i.i'ill <jjJoj]I oVj-*_o A^JjJJ 'j*^ i ° 
cj-aJ' ^ SjjI^JI j -» ill *4j-*=>_) jS_jJJj <iaj-u_a_il.l j *v 1 1 1 J-i.Li-u _UC Oiij L_o ^j nSl i 
■ j-tlllj jlj-wWI Jj.uii ^li-^H JajLJI ^ jJi«1-> 1 I JjooAjl ,^1-kL-JI 



-<\o - 



la-o 'j^ JL Ijj'G j ■<-» a e'j-^l _>l£l <JI diit. <JdJ_»_e r tic Ij a ilaVI I JA J.'~'» ij 
rjl^Juj . ..a_i .^11 J.<-» 9 J^Liw 5jl_ ) ^aJI <-a.jJ j-i I .Al i VJ A-JLiiVl j"i *■>! <Jji -^ ■ 

.^■Ja^l jLaJI ^j^Lijj^ijJI JLa-ll J^lj 1 fl_> "-, Sjlj^JI CjLa.joJ 'LjQ .till oUxuijgll 

'/yi-~\- j^i <j>lajJI oVjjlxjj^VI.. o - XA. o IjLfi Sjl^jaJI oLa.jj rj'j^ '■^ l- > 
i*jja JjLJI JL=J.I fj* 5jI_>jJI oL^.jJ <j_^_JJI olk^^lll ^ili « pLluiJI J"^LL La) 
^ Lo Jil jjb i i^VI IdAj^j ^^Jl ^jl>=JI ^^11 ^-«is- ^--NA ex £j^ 

j^kA L-a^JU jJoLill J&\ j+S j^tlJLj . <fJj-«JI ?j. .i^*ll jj_uoLcVlj .-.I-aI a ^-,^11 
i f-"_>JI J i«i » .j <LiJ_alaJI r- l_j_jJ I I flT nj <jj^«JI rLijJ' J>« < i i n'l _>J^V lilJj^j ^-aUII 

. < i i/i L*J I j-» il I o Ijj J^o jfj L*-ij jiti ,-fl r* Lij (£_*£ Ij f - _^f V p LLoj ,_j<a jjuL <j I LoS 
jl .jj^aji jJi LLa. j1ojA\ -u^jJI f^V' ""4! ln...ijJLll _^>_JI Ja.Lxij a i la I jl L»£ 

JSjj ^^J^l — «bjdi£ mVI P Lk5 ^ jIUnVl ,jji 4 \ i m'i _jjS| t-i fl.inj . I 'j'"" «JailiV 

^i LjJ j i,,,'i ^yicl JIoj ^j-fi '|>^yi l-i^j <i n iii'iM ijjL^I ,3c Lol . L»_)X.j Ljj-lL Ljl« 

■ i, ainill ,J ini _a <u_^L^. ijion 

o , V L^Jo*.*. iJjj ,!■_>->. .JjjgJaJI <jj4IJI Ljji ^jL ^1 _>^-iSU Jojlo jJfcL ftf^V '^* 

j ) n") ) La£ . ,3U=J' * Ij^JLj Ajlll (ji <(-ttjJI a. J <Ti jlijj . <Jj-u /j |j i " I V ^J I LjJjJL.0 

^j j_>JI jya <jL«LaJI ^1 ^ll^j ^1 _^i.Vl Joju> jAi^'ij djj^ < eciJL .-tilaVI 11a 



- M - 



cr 1 ! f^V 1 '-"-* C^-J -J^' ^^ Jiftclii^J ^ji^JI J*.LJI (J Ia. alajj Jo^jiil 
Jjx<u jtjUJI ^ ^1 Jl ^L^VI ^iUj <iu, /^i \ \ . \ Jj^l^ ^j^ je>: 

pLl^iJI _ H _^,| ^j lOM n . o (J JI<u LfA k*JI Sjlj^JloU.jj J^IjSjIj^JI jjj-.i 

. U , ■ .." I I a ■ .r. . , I a M I 



aiu./a^p.Qt) SLj^j^a^JI LJUlautl tj\ a^laU 1 ^^ijJLA 


<Uaail ,vu-! 


Ij-JIj^AjU*- 


sjtUf((kfji 


<&!>»ojjm3 




a«i>.aj*3 
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i^jUi ^(vasy i r-t-r-Y 

J^j -^ "ill ^j <La.LaJI SjL/>J j J " "'JJ UjJI "LiLia t-w.i_a.il. I " ■ ■ » - .laVI J „ . 7. , 
JaajjjJill j_Lu jj SjajjJI OjJii jlxLoL j in"u LojS . <ini/jj .7, \ \ . V Jjjuu ^jlj^JI 

^jJt I j ftj < < \n i/j^-iii V . V JjjJ I J^ <L-)I n-.ll lr ilUn ( _ y ll I j (j . tiV I JX*J ^gj'i.nl I 

• (A— \ j JjJ_a. ijjj rt. — i^JJJ . ■■> 1 1 La^U ,_gj 'i i 1 1 t-i i i ,j~i n 

oLjU-JI "(_uji_jjjj . Lo U.^aj Sj!_jaJI Sxtii ^jj> . aUli jjl cut ^ j..j. ..^ - •> *^ lj Lia_a 

J^JJJ . t -i 1 1 ijJLl I j "» i ll 1 J^.Ljjj a ilfllj l-i ■ 11_9.il I *"'■"■ - » I a> I ,2/U fcjLlI! i 'I .^."11 ^ - . "■ . 

j^il oujl jjJj eLUJI ^yJLJ ^ SjjjJI jjjjii JLaJ.1 jljJLol jj»j ^xuL-jVI jjlill 

• .l-i 1 1 i^all I _>^-iJ ' J-a. Loj » -la I ^j Lai Sj'jg ■ " /jJ V Jj 



^i^/a^utt a j 4 j «,.a."ji LJUtaiti ^)) <l>.uji j^ j^ut 


^httl(H^/l 




, ->#"l>'*!! 1 ** 


EjtWt^fjl 


Jj'>»- Ji**J 




aj^t^ajjp 


^i>uaj>4J 
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Uoila 










































^.jSJI jj*A^ 
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^_aluJI 
































hgjbauolt «U4 ^jiSitf ^1^1 (4:44-^1 oUtal4 ( ^ - r ) Jj^u. 



ia-^i «Uu ,*JJ^U ^LU ^.«,n7,ll mUJ&U ( A-T ) Jaj* 
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- "\*\- 




I Xa j ■ »"■ -j oL^I^JI ^L«Lt <Lu^aII e lj-> i«-il lj AjfAJ' 0-a » I jajI (^j'^I v->^ l V****} 
Jjjj I— a£ """/jQ '" \ N . *^ Jj-»-&j (^jl_^aJI ^jj ->~ill ^l_i"i->VI ijli SjLi>j fr*» 
Sjj^j fetfitfl IJJ> Jijj .<JLLJI j^LSVl (ji <Gc JlkJl pI^I ^ ^.jill ^1 i^.UJI 
*'•■■■/ j d ■- T . i ,JI j>jJI ^ <jL«^JJ r Ltl^iU (^jiiJI .k^^lll JiL ,t\\-\ i^ic 

.p.-YjO^JIdlJg-iysJj 

y-ALAt^otl (> _i.LLLI j^VI Jl^uj ia.Lius j^o-o j^JUl jS\ ^y> Jk-*i3 V I Ij-A ^*fj 

aj-.j-.-tJI Sjlj-aJI £._it ijjLSJI ^j>j 6^0.0 <_i .^LLj fjlSVI lia ■ «-^"»jj <Lfj vJ.UJI 

lift ^ ^-oj-fJI jl j-iuAJjl t5jlj-=>JI tfjtl Jo^aj jJj eLLJi 6JjJ-iiJI Sjj_^JIj U J i <-< 
. Lj^la. I'ij->"'l LaJS ioAlJI 6JJS J-JJJJ ,_>*iY. Jji jiiSl ^jjj AflSVI 

• * * 

i i ju ^1 iLJ J ■ r> "il cl "i it. Sjlj_aJI oL^jjJ ^gj i .rtll <jl_$jjl < nji ^jAfl aJuj 
ij-L^. _k- -Lcl i .i i Laj >L-J ■_■-> ' all ilij cl m nil clfl i.i <ia u-ftcl ■ Aij illJj | -lc J^.l_uuj 
a'. j'.A. 1 I 6jl_ >a JI ^^.a 6_^uS lia^ cJ^J^I jckj-u '"■ >"' ^Ll frUinVL t£j'>*JI jiil I 

eLLiiJI ,J IJ \c'\ I |]'-<lj LoLc *_■_■ ■ ■■'■II <j>U^II ^AaVn LaS -jLflJI oLcUu J}Lk. <u 



tfj!>**«H (*Ji^J to*, mi ,***«£Ji GLdlal* ( > . - r ) Jj. 



- \\ - 



-\A- 



r"jljjj itua tSjIjaJI JjJjJu JLxi I ^fl tjin"\y it jjJI ^ajLo j fl i " i ^j^ e Ijjjl jfl 1T1I <l i nn~> 

.^Yl— Y£ ££j }I_J i^jfij I n'l n ,_>« iY— 1 ■ !^u IjlfJ l$J Sjlj-aJI oL=kjJ O I U ■ ii^Lo 

Cj I ti 1 1 ijl-a j-jljjj **i i-t ii_fiLaJI jLaJI JlaJ.1 ^4 ^jjjSIj J- 1 ^' 'j4*" A"^ '•IUiJ i— tJla-ij 
o * tt * 

t,_>uY N . o — \ A . o ,j<_> }LJ jj^-* ^ "'"' 'c^N'V *>\ Caj 'j'-fr^ I " O ' Sj'j-^J' oL^jj 

JjJ^ij jLaJI JLaJ.1 6 j Uj ■ ii £-a._HJ i/' • <YN ££J fjf" J3^ <J»l»_>il CjV-IXa rjljiuj 
£-a jLfli]! oLf:Lo J J[ > Jaj U i,o it.ll <_*_il «jjlj ^UlSjI jjJI j^VI 1X4 ^jic Sjlj^JI 

(_g j j ■ 7i If ■> ■ I aV I I j_A ^fi <L^ I jj I J I -. .o j i /I "i a \j . i_i -t i ill I ^ya Ubjla.j e I n i nl I c la i^i 
>— ij tii i j5j . JjLJI JlaJ.1 ,-fl jjI_>jj8j jjQjj j mi m j j^j i"i aJLi I n'l 1 1 tj in a^ajj i_>"jLa 
Laj) n c ■> . ( aV I Ijjfc j| h->^L dllj A-aj .Sjj^oJI JaJ_Ju JLaJ.1 ^Jl jjLLj j fl ■- <JL-J 
oLijj Q I l-i 1 1 m) "i n ,ji-ia -> i iV £i i v J-uJI ,J A ii-il— L. 9 I "i i"i i— I null pi_SjJL i tu r\ "\ i 



CjI—^-jJ o I 1-i i i m) i n ,_). 

.<iLiil 6JA ^1 J^LLVI ^ jt^-iJI JjjI >»j jjUj ^i ^ . o jc ^ 

t^juW i \ i^u rjljJLii iajj5VI Ija ^ ol i^il (j-o^l (jj\j^xl\ t£-^-l «. L -j 
• - \ -<■ u i- . - -ti i in --•'---■- •• - ■ 



;jj ■ ■> — » 1 1 6 jl v^JI 



L- 



i , J i A a i < I » "i ■% o i a i Hill 6jl_^-^. J-» % i 



^j^jjjj I j i i S i_4iaJjj J jjj ^U I (JjiJ I 6 jJLfl jmm i in i •% o ■ i \ nil i a j ' j-^ t_)» -> i 



''J ' "^ 'J r ^~ a i ill lj ,j l^-tu I 4 al-i 'in k_a I a -»l I .^i,^ i"i ^j \j -» n-i 1 1 ,-» 1 1 a V I Jj n k-i 1 1 
A tj a "II r\ U ->^U Jj- i - a j »^ff 1 p^i2'< lj-* j _i n"uj j i< -i t <Lu_»iaJI JjJ-aJI | _j-^ jj^alj 
tlj^JI (ji fj^ll ^-Lla.iU (^>u-i JdJLa _>^l JJjSij tlluj/^jfii NY ^1 J-^euj (£jl_>=>JI 

V i.;!^. tllflj j^JUVl j^i jJk jioiiVI IIa ji LlS *<lui/_^_il V ^1 Ji-ajj <J1UI 

JjjJI ^ <-> 1 o -fc II JjJL« JSl jJkj <liaJI ^ J^^lj j j mi (^3-i-u J_>Jj' 0^ <-il n -> II r- l"i ->j 
<l_i^LlLI <Ltl_^ojU j id-, n ij^>jl {j* j-j^lsJI c j^aJ' j J n "nj .( N N — Xl JjJ-^ j nin ^ 
jjO -*ll (Jt'l Jl j»i._>i iVLai l"n)^"il LaK _^Lljj IjS^a <-> ' a_u^H IJjj itn-> tiijlall 

oVixa jjl a "" Vj LK jLkaVl aojlu !±ji-> iwila-^ll Sx^iu ->_>i aV I Ijjb jf-al>j ■^- ■_;'>•>! 

. t- QjJu / 1 • j laii«*» '/, Y • 4 iii ml I 4j^Ja J I 









Cfl Ufc»"t' .tl^^bfcll \Uuid£ 
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EjWI^^jI 
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jIImVI 


3ljae/4 4b}p 
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uili»J I ajaA tfil>*u»Jl ^di!iU ^Ht (*j*«»^i wLifa3* ( \\ - Y ) Jj. 
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^u» J<lrt "r> ( vjabtf3u».ii>^ : ji>Lvt ? xiT-T-Y 



t > aj 4 j » iA" Jl<U>.LL«>^JlLJV^Ij ! ^il l jaA(>T-T)Jj 



^ahxll L^dJull oV^Jull £-0 ^jJl^xIIj ^nU i n ll Sjlj^JI CiLvjJ t £j4_ l 2jl .kuujll.1 
Jf^il otx/jJJ JjJ-aj j£*J tijjl^^l La.1^1 <JoJ_>i. ^^it <*< _'.' ■■ ■'> !! <J>K>11 C^-A^'j 

o^Lkll jjJc _>f-iil Jjt £ij£ (NY— Y) Jj-a-^- j^Aajj ._>—aj» ^jjj <u^.lill < _» «j nn->"il l 
i,~i".„j . .11 isiL^uijII <-ijjI_)Jjj j^o^i ^-i <u^LUI iJlsSU «in.i'>IL <ili=J.I il^LIojjaJI 

— : ^Jj L« pi/in 

_i JJjj t<l^u/j (j i til A-"\ ^/j rjl_>Jj Sol J.JJ I Sj-ii ^ JjLJI JLail jj-"jj - 
tSjj^JI Aij-ii JLaJ.1 Li .jL] (Jl ^J2l j^ _^-^>Vl 6l* i thVi j^Jj a_aJL3VI ■ tti^* 

/O • Ljl^l h*.\jl\ JL-a ^ _>*a.Vl >a-J' Ja.L- j^j ^LL £>«$ Sjli Jla3 - 
ajlSVI ^ <jjl_>-aJI LJjll Jl ■> ft JIaIj La£ l}U ji IjLfp P I j^u <1lJI olj^i-fl <>> 

,J JjiJI S_ > li ^j t^LiJI p|~i,till jt imV jL^JI Sjii ^ ^Jla-JI a.xi tsj'j-* .--»ll 

. l~ 1 .i a~ [ I rf » ■?■ a U* < ■■ ii I I ^^ «l I iL^ ' ■ ■■ « > IflV d i.,.il Li ■ fl ' • *-l I .j • ■■ I 

j'lnjj jjLaj J^_>^l i£j4-^ ^f* Ljlj-k .^.11 a-JLSVl ^ >_iUJI jLJI ^LUI jj-*-j - 
jjjji JLuJJ Jj-ojj ^i-tLijJj L >ujLo ^j^-ii jJj jjj^iJI ^LLaJI iii i_i-> ujlaJI <t flU'm ^ 
jjj_ii (SJ^j "* ,rt ^j (^Ij -^ i<t II (> » iliV I ( _i IjL^J i.L»JI j f ■til ,j^ /o • 5jlj_aJI 
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N.X- 




V.<. f.tt Vn. V.A- ;.\.. 




5f«. *« ''•" x - ■/-*• '•'-*• 




K<- tt- •<"»• **■ •/.!■ 




v.c. vet- *»■ v.a. get— 
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** *-■ •:■>• /.a. v.>- 

{ I_»j-I J-l^JiVI) Ititt^u 




•/«• __- 



(^Ij^^JI fJiVI ) L_lii_ 



fUll j^i jli, yJe . jl^JI »>] LjLjJI oVj_-j ijl^JI oUj-l o*__II oli--,j_ll ju^jS 
j>t~ll ^H^i, _,!_, J_ . J^JJI Sjlil LjL^JI _.Vj__j 5jI_^JI oUjjJ <,.*__ I oL__y_U ^j^ 



uJ^k) .*__ fjjl d-UI L^kjJI _,V__.j SjI^JI oU.jj £,&£ frjfffl 
_,j11j _ >4 _j_i ^jji _l_J <js>IbjJI oV_t_j ijl^l oLjj gjjj. j i 



2-L\l 5 .^. I'.l I __jjj_]l <_Olc ?____j_j t«-j-—jj^ mill <__ij_JI ^l_. ->"i m L cilj (j-—^ 

j.a ^".1 i t & i'iK ■ .. j | <i .•!... ,-,'ils c lj ■ ■■ «i .... 1 '■ 1 1 <___l_U <^J LsJ. I JjLui^I a ii mlL Lo 

Jia- jjjl jail j_» <-.jn-sl iii.LJ.1 oL'LJI £ilj- £_a J---J £_*_. • <jjlj_JI i-Jjll 
.j-jlfll J_J luOj —"' I oU.Lla.VI _u_-__- ijjlaj^uJI i__jj__ll j^k LaLUIl j-JtiVl 

^j i ulllj |j nUlll Sjlj__JI _jL=_j_J <-Jj (j M i l l _jl Un ij-Iil j-J-S .-J fl ., 1 -^ "l m l J-flj 
Jjlll -.1 -.1 ■"■-! J___aJ <Lu_JI j (] itil jl__s ^ic t(_gj « "~» Hj f j* l o J U \ <L$_»jll oV__»_oj 
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~L-,„ jc Mjil f Lilijlj cJ <=>_^jlII U-^ ^yic Sj^iLiil " Lu-u n . t . 1 1 <A^iVI S-ui .—ai^Ii 
jl ^Li^jl i^jj ^ jL^JI j^al jl Jjia --^>"j U.-J I .k^jJI < »j.iU ^j >=^' 

Jjj Jj£i Jl ^1 VJ -il .^u^-^JI L«_iSl J>S ■-. .■ uu J=ii jJ ■ «_■ ^1 1 J^-fl J^ 
5JL ^U...". L4IV L:lj i^jVI jJa^ J^J LillS j-lLI ^L*_»iVI JjS-j JJjlj ^-ijl 

^LiujV! Uji?o"« .7.11 jUo_« <k.j-^ jLa— A« Yr - X ,rN_X t^jJ^^J'j 



Jo /U Jlja. Sj-JLHI jft 4-SLiiVl 6l* Jlojj .= L-i-J I jit oJaiil_Lo ja£ «ij_>k> I^J) 

VI..:. V. ^^C-kiJ /TA*VLo*i^Vi ^^.LDiJiJI fcdftH 4y$ 
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^ujuzAI Jjs*. LajLux C 5jiui^ ^jJt (^jjaxJI jx XT . o ^^ Ujj5 <jjIjj J-yu _;JJI 
Solar Altitude ,a (ALT) ....*n ^Liijl ijjij, (N) 

^Ij (^>L«« ^ ^lj ^1 La. g-« ^ ... n . t .ll £l_»_JJI Lfjl^aj ^l iyl^ll ^j 

■ 1 1 o i Vi ILi ,L« 



f J 1 



Solar Azimuth , y (AZM) 



,_>*" 



w (*) 



^1 ^j JU^JI 2-« < jM , n , t . l l Ot^iSU <-xiiVl oLilj^VI l <t -,im ^1 4j,|j]| ^ 

.,ji in i t i l l 6LLjl jj-.'i 

Declination angle , 8 (DEC) ^....m i ji^i ^.i^ (r) 

5 = 23.45 SIN ((ND + 284) x 360/365) 

■j>Af Jj' i> le -V f^ 1 1^ fjf" vAP lt* ND a' --^p- 
iiljillj ^L-aU <_wijxll ix^jUJI j^k^Vl ,__L ?_t.„«,t.ll ixuiVl jjil'G 5_^ljjj 

: <JHII LjjyH ^Lua. u^au 

Solar Incidence ,6 (THA) a : .....*n i^Vi u.js... j^ (j.) 

Wall Azimuth, \)/ w (WAZM) jLaJ s.-.-.-ii ojijll (o) 

ixil^^JI oUU^VI ^t^J \|/ w _,I^JJ ^-.o.mII Ijjiyi jlo^JJ '"_■-- -H ojljll 

.(X \ — Y) ^Jjj JjJ^JL < -nA j-aj Jin. till J^o <Lculi« 

-:<JLUI Llji^JI c*^ ye-J S^-LiLJ.1 3i... n .t,ll <a_iVl jjSIj ,> Jil^lJI J_.IU.-t j 
Horizontal Shadow Angle, (HSA) <_j_iVl JUl i^ij (*v) 

jldaj] ^uft i J I <jjlj > llj_ > u A JilJ < fin,, .J I <Jjl_>ll CAJ _J>JI ^J 

HSA= \\f - \j/ w 

_>i-3 ^jJUxtJIj \A- = ^jlaJI Jo^LJl ?fln,„|l <Jjl_>ll J\ 
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jck^VI ^ JL1SJI 4jm, n ,t.ll ttlkl) ^jJI Ja^jlll (Yo-Y) fjj Jl^JI p^jj 

jaj_jj _ > f-.i J}LL < _n ii n i t. ll iiuiVl J* jj3 j_i$1 Ja'uu'i iiiiVI wU,..VI j) ii- 1 »^L.j 
^ Aa-^ \~ j VLo^i T. ,_>-=>_>£ Ja=J Ta /olj IT- ^'j^- ^Jl J-"^ ^'j (> »i "-»H J'^°) 
^IJII^I^I jlik^iLj^YVr Ji^,) c LLAll J^J J^U. Y f /olj W. ^1 

°'j ^- <^j J^ |_jjJ'j c LLJJ I J^<a_9 J>la. <_> urn itill ixJiVI Jj. jj5 _>jSI J ■ a" ..." 

^LdJ <-^.j3 ,^-lt ^- > . mj Li* , _i> . ,-,1 1 J^a_i ^ Yf. / olj \ \ • J^jJ Jiij Y^/ 
^j'j-^U * j '"/' J' jjl-a-H Jj£ £ > _ » ^.' ^J^' o< -> ">a ll Jfi^ j-o vJ-^?- / J 1 " '» 

•VJ* / Jj" 
oL+a.ljll ^ic 4_, ,„b .t.ll UUJI Sj_i ^j: (V\-Y) ^1 (YV-Y) J,* JUiVI 

.(5_j_aLaJI <jj_u) VLiji V- ,_><=» jt kA. ait '■ ■ ^11 iiliiJ.! 



-\Y\ 



Vertical Shadow Angle, (VSA) 

VSA = tan" 1 (tan ( cc ) / COS (HSA) ) 
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JUill <> ^Q« jlO»U iLJWl 2LyliJlj lajl^stU ^l^i*) I <»L*SVt(Y>-Y) Jja> 



-LjJ^ Lfl_Jt U_^,j_o <^J>*JI j-i-a-o 4jj j fr A? J <i=Jj^. (YT-Y) ^ J's.t.l I <^u 
<j| J&^ljj j^jlcJI ^ ii i n m i II (■ L»_iiVI pjn-.o Um.jJLo I j ■ l«- lfijj_Q 4Jgl_LII < .« ! ...~ a 

Y f /olj V<\. J| VV. Ou^uKJI <iU=JJ t^jLJI i^jltl J^u^^JVI ^xo^ 

^j, ( Yi-Y) ^ Jl^Jlj Y f / olj YV. J\j_^ J\ S> »l_iJ| ^ J^j f>r j, 
i^^l _^Q_a <jjj,j oaI (Sj^iLII jAi.) STtitJI SjM.n.7,11 RiLUI 5jj l ..." o Ljki. 

M,i V / olj 11 Jlj-a. ^Jl ,» . '» . i , t I ^Lx-^V 1 U^ J--^ u'j-«i <^^-» u! -I^Aj 

^La-JiVI Jh° / Ao _A " uM < e-*'- J - :a g l " ' " II Jijii Lojitj iOj£j iijil ->J-^J ^ ■"■'■ 

,L^JI jjii Lo^lc jUj^jVIJI J^mjj^JI .JiUJI jrjLki^UJI tf M l 

5 J>^ 1 ^La-^V 1 ^J 0-« ■ . • YA t £ >UJ ^AjVl jJa— ^Jl lalj V <iU j^j^-iJL. Sxlo 
. VJ laJ| ^| JLo^JI ^ L^jj^ Jjljli a M i -. .. tJ I ^Ix^iVI ,> Jia-^Lj tJUU 
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j*at 3>£L4I ajjllall £j)>j ( TT-Y ) J££ 
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>«»taiLixiaaiiaji & i3 i j(rt-T)j£ji 

4. uj< ft 1 1 J I <j>Uaii _«tjJI iC tJ-t-*J i JoaajuII ft_*^»jj <joj >^JI * ,' ? , * ) 
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<Lu»»£lt £t\ju*\£li T-i-Y 

: ( jL LoS Jjlhil I Jj Lujjj 4 ii uaitil I O l_>^-u ISJ I f I jj I » ■• ■■«' J^.o-1 

<Ua._jLa.j "Ld^ta J J 1 h"i JjLuuj — \ 

<tS j -t "i n j *GjLi J ill-i i JjLujj — T 
aJ5j JS_lL _^ioJ I t^_i j l i-i l I J i llVill _L Jj| in -> II L«_a J 1 1 h") JjLjjj 6J-C re_oJ ^^Sjuj 

ol^— ISJI Jof, .,.-. UfcjUl j^iUjiJi Jl£^,ij ^ijii j^jj ^jll (TT-t) .(ty-t) 
^jic. jfcLu'ii <^jjiJiil 5j_mi1jII oI^ujISJI L»i l^jiJij iLi^illl olfraJjJI ^ •LmjIjJI 
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C 
e # 

TT« = l^fli SjaJjll 4fiLJI S*.J iJi \ No ^.jj ,, n ,1,\\ Af, n , J \ <j,|^| 

i. B \A.- YY. = iLSiVl JkJI <ylj 



t 1 ^ £*** ^*>M' ^Vl <^ SlaLJ JLiiVl ?j.,. n .t,|| S_^£]l ^^ ^ i 

5.^-UI c^j^^Ll^ Y\ lJ I^ l _ >uj L Y\ >S_^I JiUij^u^iJI <*_JiVI J^kj 
, f > . A JLuill g^USjj JL Lk VUJi V . ^^ Li ^Ja i^i SjJ »LaJI <ijai ^ 

-: <aiiVl JJiJI JLylj - 

HSA = \\f - \j/ w =180- 180 = 0° 

VSA =tan-' -=3SL =58° 
CosS,, 



= Window height (h) / tan (VSA) 

=1.8/ 1.6= 1.12 m. =JL > SJI<j5iVi5^uKll A J 6 

JaSLJI ^i \ Y L^^c sjju j^ Wf,!! <_,,„„,» II s^&jl ^^ u 
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0>f^° ^ ° • u-'U 3 ' • iJ -^ cr*J «-J~-»_)Vl 6_>__U {S mLji\ ej___JI j„> ma ^ L y. 



A. 



eljjjjl oljjj 4-oI,j Im/J jit ._ i"i - V i 'ijj ^j-iLJ.1 £___uV < "i i n-aPta JJ£. Ij^j J__^ , j Sai l 

■ - Ij...:JI j_jj ^_a 6l_p (^JJI j>iJI yr n«tiQ 

__=.L_u ^jJI joSJL l_jil___j 5_iflj < \ ^ ^jLaall j__i j ■ ^ -> L <j1jVI » ■ - ■ *~ j__j 

U. UL__, < fl l "i A . n J-Luj ^1 LaJj Ijjb ^ j_Aj 4_.jL.jl1. I Lft_ > __<_Lic j fl U. .j iij^ll Jt 

jjj] (^jLa-ail j U . Aj jjl.j_a.Vl ,_)A__i ^-jj .6cL___VI <]l__j M_jil <-*-; i U «i ■ . a -. r. 
jil^ jcli <^___ ^-1)11 ,3-x. ^ SpL_.yi ^jAa-^Ti Louie Lctl__JI S^L-iV L 3'. l«-... yi 

j_* StL-aVI J_> _>o_>iJI _jl-C Ij] IjiU'ir. ^oVl jJjj ll* __l] .<_J_J_. ill.] jl jjlio jjt 

.J-ii SjUVI 

5pL__y_i ijLu-VI _L_J <j___JL, <iJL <j__ftl <J SpL_,VI ^ j*_-lc dllA /uiljll ,-i 
Lj-Jlj J L-w-ci ^L _ C L_»I ^ ^-liil J_Jj LjJc jl_j_i ^1 ( _ ) _ :i jL_LL <j_i__ j;"«~ ^Jjl 
4JL.U..I v l____,i ,> ^^j jL-uiVI J__ y-Ai. yill ^Ij-oVl _>- _ > __ J <ai ^jj 

.iLaJI i_fl«.Allj jLAjVL j^___JIj SjS-d.1 i^ j^ ,.r.| l. 

3L_t>ytjSei-_»yiY-T 
J_Jj jt^ ^LMl _>_ <_.>-?-• ^Jt (Hardy) tf j^u ^Jl ui_>^i &U*1 ,>_ 

__U_j ,_,(__■__ <ia__' s yill StL-aVI ojj* J_i «L__jjJJ ^j-Lill Jjl J__j iijLc l$_el___>l <L_u] 
_jiL-___c __U___»j (J J__I ^l^xlj Lj-ajJI S_ 1>J JI v l_ > Ja_uolj CAflj---II J>:j 3 ■> .iuVI 

jji-CJi c _j_ JJ (hypoxia) j.-.-jJI <a____L _j^_«4jVI <-»_-. ( _ ) ___i ^ Sj^u ^1111 

- NTo - 



julVi die <jjJIj g-ttiJI ^j^jj ji &j5L«ju (Zankova) -_*»!-• ij j>^Ji j£lj 

ajjk J^o l^oj^i*. jj.il I JLsJoVl Jc < i a< mi'i ill J^j-i OuJu^U -» (j . A jjuJ 4 -^ igj o'n u *>"i JJ» 

.okjaJI 

jUojjjjj 5_jjJjl-iil ,j nft ' T in <* i T iV j o'i i ill I ,_^=.jjujl ij\j "t-fi^Lc 0_ajJ A-IC ^y> aX-_>1Lj 
aj-fj J-ij i Til I ,_jA j t "i 1 1 ale _lLJI «Lij i -> ,_>A I a ^ 'i I Jc Cilk-^^L a JLui Jl VI iiaJI 

^Jj * I I ja.li 4_j_Ju I jjja) rr n in) <£ JJ I /j jjj% • ■— '^ > 4JS inn \n d t-i J * I 4 u-» l_z^ a A * i"i3t I 

jj' ..mjj 4_*_«La_i jLLcuVi (Pitten Drigh) £_,_,.> ca^j jj>"' ^ j^j-^ ^j 
■-.!•■_■ r ii u ,t. n a _■ «_■ : lii ScLlAVI ji a _■<_■_, .Vi x > -. -.1 1 LV>JL (Princton) 
4jjLaj$^jJI oi Jo*!! ijiiii t _i ■% < s-»"i qIm-^ii ajji .jLujVi mii-% ^ (Genes) 

4 1 1 1 «-><* L^Li. Jj3 O Lc j . - . -^ .i oi^kj AiSj OLajjjVI p - LILJ I 1 SLAjI jl cJj Jio .1 1 1 1 ~» 1 1 _s 

^ X-v. - !" ^l]l <j_oLLiJlj <LLajjJI JjJLlI Jj oljLjj] J-"J_>JJ SeLtAVL _P*Ljj «LwalA. 

■ ,t ■ uaJI .j L^-isjj jl Lj-k-jj-u ilua J>o a 1 u-^ll Jt L^JaLiuj cjujhi_>4-II oljljil 

A^Ueul J I jLajjj jjjSjJI J_aAj i fiMlSti I _JAill ,Jt <La_l£. ^o cj)n-»ll ^jjjGJ ■< n mlLj 

^ -.<:-. ">_. ^Ji (Melatonin) jyj^jLJJ j>-o_>-* piG ^i i.^^i^Jl sjjJI i-.v- - .. 

■ JaL.u'iH ljj» -ii>J ScLAVI I niii <Liuilllll JdiJI j_aj 

j '->-*] tr" V ."""'J f^Lm <%>-=> Jj Lr?- 1 -^ 1 uL-^V lA** 3 u' u^jJ -^J -^J 

^Ul (Adrenal Gland) i>j&\ s^jJI Uj^ ^i jj^^jj^-^ii SjLL ^ . . . ^ M 

■ ■■» 1 ii-^ll ^ re-li'j ftLJ.1 ^_>lor a h"i"i 

^^^ilj-al i_i 11 .i 1 ^tkiJI ,jjJaa Jj^ul o I 1 ~i ft 1 1 ,Jj_q 1 . • iJL^. <j^iljjj <j| jjLojjj J^sjj 
^ni -i.il JljjVl Ji LJS <j'l j_a.j 1^ ^j^i oLJLaJI j^o JiLaa jj^. dUJ-Sj ca*-" 
I 1 A ) I 4-i I j J>°J -SjSj-o Jj-j-u ^j-ft ,_)A 1 -\\ I I (j 11 Li j jSjJ.1 f-^jJjJI ^j a I "1 ft] I oljj ■•- 1 ■ o 1 1 1 



<bl k-iVI jjS ■< 1 ftLSi oc I ■ A Li ■» ■ "■ -V I as I. ■ A I a 1 f ^oj ^jl ^IjLJ5 Ijjk ^ ■ ■ ■ a" ^j.ljb 

<jLii=ji ajj> .i£pj (Hemy Logan) jLa.^J ^^ j^i^ji ^Laji c*Ll ^Uj 

( ^lllj a ■■■■%! I ^ aj) ft mil ojljjlj jLj-^VL jj)« inll jlj SpLoV I o ■ A i -» *i I I aJS <Glj 
^jj JS iUla o>aj jLcujVI j] jL^J J^Sj i« Ga. . ^ ^jJt ' KS ^A\ Ujj^Ij _>fkjLo jLtj-^ 

^flftflj oViXojj 13L& _)* I *t2fc— ixi Aft ft 1 1 1 1 1 6 * ' ■'*••• e-fl '"' w ^ I v» I jl ^" j ' •' I Ji.t.aj Cjwj 4jSJ 5 
4-a.l -» "1 1 nl , I <JilLJI ^Ij r<_j_a^JI ajaJI a_^J_S J>LL Ljlo ^j^l -^ "ill ■« ... -^11 « ■!-." . ... La 
<Ui *> •>_ ' "'' ) I v J_oSjj <GLv^.Ij-j aLM ijjjjj^aJI "CLftLL J^a i^G AJ.i' nil a^4 J^o ( _^ a Ii_lU 

. LA, l ^ IJ jV Ij c LLiV I Ji Sp UU I 

N ^A • 4'n 11 4 1^ ijjV I jjLAjI <-iVj ^i t5x j^JJI 3ol L II c Ijjjj S t LAV I >«ja_a Jj 

LLJli SjL^-I asLiAVI SjLj 4 1 n^l (GE) cLj"i*s ill JI_>A 4-^j-xi jj l ■» " ... ■ j^i 
.Ljj jIqw.ij V li* ^^Jc ^ujli ^1 ijjLolaVI ^jLuJI j)j jLuiVI 

N'HV aLc. Lf ii .jL^^J ^^j-uajdl jLfjJI ^ _>J;G ScLA^J j,1 L-AjI col jUj 

(CLE) l^.^ s,la:>U <JjJI 5j» n? li Jl Ijj^ (Randot) oj^lj j>iSJl *ai 

JjLuajVI <JJ-J-a. Jt I -. iAIj I_jjjLjj ^_il i^-i r>U H-iiti'i n Ijjjtj 6c I iA^J Jl <_ii c La. 
•LtcLL^a 6c LA I i_9jj!i Ci-t"i jl 6c LtAV I I (j I 8 Jij ^jjl aLVI ^S 4J I j <* 4 1 ■ A C I L I .V.'.j 
ol^^JAjJI <Jia.>La JiLA. JJJLIJI Ijjk ^>"jJ ailj iJjjjUIj Jj_aAJL uiLq i jLuiVI (jU 

.ScLA^J jLiuVI ^>Aj*j die cliAnll aoII oljS ,-ic 1_>JiCj ( JjJI 

2u>yi*j1 ^l^'Vlj SftL^yt T-T 

^Ai^al J Lkj-Jft L^AUAJii 6j^La3j (Dantsig) ^^i:ij j^i^JI J^y ailj 

* ft •'it a (j .A jjG a3 Jjdll | _ >U jldil J-A-a!)Li Jjj Jida ujVi 4 in n -^ ^AJ . ufti'ill jl (j -til 

. *< l^» I llfl'l ll I jji < * ' "l jU <f-Lft_»J 
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ScLuoyi ijn's jLjJjLi IjJj^ ojljjj L$j;L__». Jjia iiUJ-Sj I p ■> L^jj ■-■l"l ■"■II 6JJ 
^jjGJI jtaeUklUtfjJi j^Jjj OL^i /^jJi W-. Jl IT- j^ I q -l^ iLSUJI 

SL_=JI jlj n". ,,,Jj < -> .rf-.l l Jc iLfll -> ni l <V,V Sf LuiVI Jo 4-J-OJJ 4-oiilLo oLcj^J 

Liiu jLujVI Jl J^jj jLuiyi I4J-0J jIj_l^.j oLu j* •> taj] oljjlill Jt IJLa 3'^'"j 

J^Li. <jj-JI jlao Jt l$_> 6t L-aVI la^ujJLo J_Lu Qj -> 'Ljljp ml <U^i JjJallo ^i iL^al 

. < « n 1 ~i /aJJ5 V • • j I a i 1 1 oLLu 

gl < Ar I ^ialiij ^ik'i" jl <jj_>JI ^j^j Jc -Lai jmlil V scLAVI ■-•! .IL", jj ^ 
JL»_, ^iJI ^^uilll £Ij-l-cJI jo 1 ijflv'J I jj» La. I SpL^yi jo V jlLll jl Jj ^,.,-.11 

L ^iii *jj'^- caj j^Api' J» < *> I Vi ox!. aJ (_£J]i ^1 \./-.ii JLuU ^- ■" j 1 ...-. yi <ic 

0' a'-""Y' J^ u*>j-*i! tS-i" ^ '» li ■ ^ 1 1 SL_aJI ^j^Lul j^jj lit 1 1 U ( _ ) iu_»_J <_«_ijj 

Jlj ji (Sheard) j_>_^ j^Ji jji ^...a'.li ^l^i li* jc. ....<l*^ juLll 

Ja 1 L-ia "I I J^ujIj Uj -> 1 1 ^jUJI jJLJI £_o J-^IJI jLu^yi Jjljl ^c jQi 

J^qj La J 1 ^ a", Lpl CAjJI «t « j 1 i-i Jo jV SeLoVI _gj". m o SjLji JK.n t I 6JJk 6JJ. 

■ <j>^C. J)n-\ n Jj » '^-«=l J« LfJI 

jdij (Cortex) jJ.L Ljji jS,_« Jl j^^ ^jji i^yi ^ jjVi ;u Jft -ji 

iki^J.1 cL_ii.Vl jo LuVl ScLi>yi jo ^k LiiLiJI 3 «- j .. ->1 lj pi 0J) 1 »_, t| , ^ r. 

< (! .' ?H J-" w_u_ > _UI jJ.1 J-o ^1 oVl *>^Jl Jl J-^ ftjjfcjj m .11 JLa-oj 

"GLcLJaiij «gi . . .I . .. -> L jL^yi aoj ^jJl jj» *>JI 1 jaj (Diencephalon) 

Jo ^LVI eJ^JI liAj ■ > _ > u : ij J .L^"yi aj-^J ij^IiAJI jl i.nWI d J -.~.,..l ^ j..<« .j a a U lj ■• j 

La.Lflj LojJlc jL^VI Ja j±_^J Jill JLjIjI MJ( cLSj-dl Jc J j '. , „ ll j_a jUI 

J* e j-^j' 'J-* >_jLojj CjLik-iIIj CjVLjLftjyi 6Jjk S-A-a. jljjjj .-.I - \ . ^I lj ,-.V I« a'. yi , 



flk^ s^Lj <i>L LJ ^LJI J^LL l^Lu: ^sll ol^iJIj 3_.tj.UII opLaVI f Uii jl 
V^j ^ill uiSlfe^JI Jl ^11 ^ o_i^ -,1^^ j^ L^l) 31 f __^ JJ ^,^1 jj^i 
f— *II *jl>v ^jjaa: jIoj jl j^aJI gjl^a. <^_,j ^j ^33 Lp] L£ l^ ^LSJI <uk 
£ji j_a^i ^ iL^Al LA,! SpLA^Uj .jLuJI c>i AJ f ^ ? J| ^^ oLtL jj j.t.1. 
jL^!>U SL^jljlj-Jlj -Li^^uJJI ^Al^Vl > j_^j r l JJ Vl jjLl Jsj CA^il 
^>oii ji ■e?e^^ l -^bu L ^V^^^bV^ ul ax>^U^^^ J ^^l 
.J^il ^-ij^ Jl ^jj: £,LJ Jl J^jUl q^J 3 V ,UII <£L* iVLil uij^li 

iA vj 1 ^ 5 u*-« -CAe^j^^ 1 »>■ ^^j fjJl <^ jt _>^g La.i SpL^^j 
«ui CAi^W*^' V*- 'jH' ^^ s* 1 -— ¥' ^^ (Oerum) ^ijjl c^ui .-.i-.ij_.~n 

ailj .^MJiJ I ^ ^..Jl ^A cJSj g.njjU l S^L-i^J ^^1 _0a jljjl l- tJ K j|j 

u 1 ^ ^ U^j^ Jill oUij^i jij U,j dJj (Graffenberger) ^a^i^ opi 

jjcj Liul c . ^V. jj L^j fjl <_^<; jij jujL.jju^JI 3 , ,.„: L^i cJ5 <L15 <GpLaI 

o^j*: -^ Crh>^=>.j^HJi ^ jLjjjI J' je-^ U^i J**P gSfcij >- ■" IIa jjL 

• iyuxUI S,Li,^J oLIjjaII 
l^uljj I . ^ . 7, Jij-i^j i*.^ Jt vj 1 -^ <>^ f 1 - 5 ^^ u 1 -^^ 3; ■■" ■j 
^i n.AiVJ ^^k. o h ,ji ? ._ > o_^JI wi jl jAji ^Lj Jt JL^JI Ij_jL1JI j_Tg 
J>i i^iVl JijSj CJ ^JI <__ol ^U^l Jl Ijjb lyj |j Jlrt .uit ^LS 1^ ,h.Mi 

j* iAj-oA^, cu,u ju^yi ^^ jo j^ o^L^yi sjLj ji oLiy Uji^c, ^ 
•U*fc (Russsel) j^i^ (Dijkman) ji 4, ?JJj (Boss) ^ ^ .ljji 

JL5l^. jlloyi ^ij OJ: ^i 5L Sjjj LJ JJI oULUI ja <i^o ^Ijll Jc vj l>: 

j-: Jo*- ji mr f L i_4_ji iji^j: ^ui <^ui ^^ l0 |p_, Saa j ^ ^i^vi 
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tu Lojj 



_uc < U *j2 ,/{.& \ • ■ ■ jj JSl ^1 J____ j^la. i-__L_JI 6_u. ^Afl Vn 

<lL-c jl (Sheard) __>L_i ^jiS-ji jSjj jL_-_,yi sL_J s«.L__.yi <!_»_; <-_<__>i j*j 
jki) I j < _.-. . ,-> 1 1 SpL^VI <Jla. Lff i^,..^ll <_oj>lll <JSJI <_aL_JI . .j ■ • 1 1 -. . . .-. J___a «tj3j|-l 

Ioa ^jA^jaIJ fi . -J I jx iflLLJI .jlj-i-J _Li__o SpL__VI ol. jji ,j__i_ ^1 jlj . ..I...I I 

.o__5.ll 

1-L___- j_. JJSj I n ". a j h j ^^pl |>.„ -si I j_> <j__L__l ol_, tml julII ■ -l y.i ... I jl 
._I___-VI <jL___ f-j_sj LlasJ] <=--lVV u ^^ .t.ll ^ja-u yJLJLj jUjVL *_ ,»■?■. , . ,..-.1 1 
jV f. •> !! f>o__- jo u /-, l %-. ll ^ ^^Kll J_£i 5 ? iT, tr JS|| ^l^l ^it Sj^U 114 
_r ) Jb^ t*^*^ •U Ii A^ f'e 1 - 1 ^j^J 1 -_lj___JI ^ic Jj.^-JI fcikUJ V ^1 

.<_J___1I oVLruu^U <_»j>UI _pL__VI _.___ 

r L^^i^LSj .(Candola) Vjj-LSj (Thorington) ,^-L-s_i_ u 5 ,> js J^j 
oUiiJij oijoiJi >__-___. LfLjS ^i i aim <_■« nUH _pi_-_,yi jl(Canningham) 

<*--.Vl jlj jL-uVI SLa^. S^Lo iiiL. <J ^jjl jj» C> __JI Ijjb j_, ^| jl VI hj^il 

uA>VIJla-« jrjU. ^ixA-iJI £L__-_I jo /\ . o Lfc^ft^, ^ Jio_ <j__iVl 6 1a .jiajl 
cj* J J^J il aJJJ^ 1 ^L___I~-V *_»al. ^Vl £_.__, VJ 5 /\ Jl J____ ^ia. Ji; l^j 
Lo -JL*___.I , L^cv ll Sj_La ^i Ou-iVl -J4J jL__VI _^jJU jljjjj LjJ (^aJI -JiUJI 
Jiilj ^j^HJI ^l. /V l J ^jJt CAaJLJ' <J--iVl 6JJ JtLuij .ch.Till J .^» ^ iiaj 

.JI4UI Pj-ij ^jxx^iJJI l*£Li S^a^JI P^LLal j^j jL^VI l^lo Jfilcuj Vj O-iVl 6lA 



iliA _ic JLijVI lift jjU-j <-lc.lv.>-. II S'.j .11 ^i jLluLVI j-^.l>i aIc JLlVjVL jJ.1 
. al-^H ^1 P_>il aljj J\ JJj JLLo _jkiJJ jLuwVl SLls. o^j^ ■** ^JlJ-*-^ 1 ^ ^^^- a - 

.aJ>Ljj jJc ^j- 1 - 1 j' <t -^- 1 ^^ c '""' A-i^ 11 ^ 1 >i2j *J-^-> tf**^ ^-?-'jf *- a - A ^ c - ft 1 -?- 4 
<_J| Jjju Lo ,>j jl ..i'iVI ^J LluJJ (^jil 9 Ijj-cJI lift < K 1 7i 1 1 Sia. Jyj JjJj Lajsj 

Lo jl II « Qy\~, cjljLi] jo <lic <L-uj-j Lo j^-ij (^_>iaiJlj (^jj_>-»JI °jj >* - " j 1 < j I. . ilLi 

<J J$u2£ <JljJkl J-o ^jLxjj ^Jill oljjla^lll olA jl .«_oJLi!l -Lajs^jj J>iio jj^. <ixfl 

^ ^jp ^Ij LLLlu L-4_j Lf ic ^1 oL1=Ll^.VI ^1^3 L3-I0 J£L_JJ.I j^> j^.1 Lc^ 
^Jl Li .A Ji-o 6L_=JI ^i jlj-oJi-cuVI ^jJt 6dr.Lcu: V (jil^X <jlI_l«I ^11 LLfUl 

■ _.lall ^ilj^ilj 
jS >o °*^~ JJ ** "' 'J "J 0^^ ^> l = , ^- o£ - f* Ixfl-ll j* , 3ft"> ' lj-^' •• Lj-oVI O U j ) 1 . . i o jl 

i.U'.^l jt J3l1.il. I ^il ».jlo jlj_ol ^ jAi: LfLI VI iQixt^j ^.jiJ jJ.1 ^ <jjl^I 
s •■_.;! I j_o JoLr7.ll f.jjUl JL._L.VI <J Jo__lJ <J <_o_>5UI oLoji-IL jL_u-iiAJ Ojl-iH 

Jt __utl__u_j <J lad a I I ^aj-&-%\ I j-o J______u pj .All < _. oS -jL>j j| •••<J <__j__-i I 

j_, J. x -1 j_=ljj jJ <jlj .<'._. .11 ^_o <Vjlj- l _ s -lc -_LL_JI -UlSj oLlV^I >_jl - j"i x-il 

.oLoiLlLI alA j_> a >Sj- »jl--3i j .' ■ — aS <.ni.l-.ll _pL__»Y' 

dl4 J-i tJ _._ > ji_j jl jjj Lj-i- ^ij-su jl jL___VI ^JoJLulu _pL_o] J5l jjj ,___» Lo-a 

^.^ v jL___Vl jl ^l j;L_-_i (Dijkman) jl*%-.- j^vSJi JU_.l jl .s jii._-.Vi 

Xo • • ^1 J. >-.".l < (i j all ___ft jIjJjj <_»_-__-/ j-jJaN • • • jo Jil wL__l 0--- Jo_-j jl 

.<\______]l 6pl___,yL __.i.'.ll 6__4 ^. o . i -3 ; Sjj-J! ___. <__o_i/^-la 

6___t jlj __V_j!I 6_Jb jo ^Lcl j____o pLo__u 0_-J SpL___VI ____jj__o jl j_i-_i jl ^--J 

I -'■■ ■ <-»_o___A._Ja To • • ^1^.-. ^Jl J-__u < in ft .v.! I aLVI ^ -j_.q Ull _j_. _pL__sVI 
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^_ia.llllj ^jUil 
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Cjlcl M^il ClVLiaChJ . -. 1 . ■ A[ ^ f 1 olclS — 

(.uoLlI) J.UJLI - 

oLe.Lla.VI oYLa — l _>u_ijjlJI S'..» .-.Ij-^ -. — 


oL&IIj^jIjII 




\ 

X 


jUiliVlj JLiL^VI - ^^1 ^Ut - 

0Llli.l3A.Vl- 


ciljiitni nil 




X 


Ljjic oYLaJI — 


v UJVl oYL^ 




X 


<a.l \i nil > 1 »"^ — 
jljjVl j^a, ^ f LaJL Jlnj-JI oL.LJ.1 - 


JSUll <a,L..ijl oLLa. 





/<Ji,UI oULWI LS^ + ^UMI oL-liuVI <^> + .U-JI <^o) = / jUUI c^J^L* 



- Mr- 



i_Lojj 1 6>c 1 hi V I jo jl n r" i i i li -* o ,-fl jl i ii'ii I 4-a. I "i *t I Lo (j\-i Jj j' a " ■*•■•»■ I ,— 4« 

c>u auliil o' ^! (Blackwell) Jj^l j_>llij_jj (Mortenson) j^^j^ ^ js 

<La.ll ->_■ Lo Sj-« \ . W UjljJLo ScLAl <j^ ^1 rllau LLc I ■ ^1 V . jo _,UcVl 
JljScL-aYI ,_,_« £J-uajll ^^^ I jl . rt -^ ^ L-aU T. ^1 X . j^ ^i jjJb ^ 

j.ii ol_>-o XjO \ LijIjJLo ScLual <-i-a£ ^Jj J^a.l"i-. i LoLc V. ,~\ • ^ J ...II jl_i£ 

.^j^ajll jo jjUl ^iiiii Ijjj ^ LLc r. ,X. £ju ^jLuiil 4V)>UI ScLiYI 

I j n « ni_i ^jlll <Uia.lj]l osLaYI OJLS Ijj Lo <Lu Ij Jj eLLJI jo <lcjAa_o O-oLS jiij 

j-u j^l^JI cY_>a .j^jIj ^yJt jLSj jL^YI iLa. ^ <kal -. nil <-i_iL£ jojjLo-aII 

iji Uc ,_i.r,<;iL, IjjU jUj ii^^aVi ^..'iM.j^itLuL i;Vjj ^UJi ^a.e-.-.-i i. (Ncer) 

iiiU <J |>,j_i miILUJ al.^II ^j^L^Lol 31-wUj CAy U£ (D) "j" o^Li-i v^-^ o^ 

<jjljc oLxa-J Jj^JjLlj jjjjU < ' im'i IL ^La. jL«J5U aL« (j) ,> "I" -° ,_i£j_o ,j| — ^ 

.<LLS 

I (j l« itn ,^^11 "LaIoU 4 i l-t IjJI 6c Li^y I » ■ " ■ -^" ''■<- ■_.-■ ■ ^ i a" Lo ^c. cLjj <jlj 

ScL^.VI i-jjtii <-?-jJ ^j - itcLu^.j] o^L$ ShjiU - L$j ScLiVI jljji jl j l ...'■ Vl 
(Marc Cry-^-j^ j>iSaJI i^-V jilj ,j_, ft t>Vl i,L ^ JJj j)j ^jUJL 3 ■«_■ .Ll l 

ciji^vi Lj*. ^. LLjiii LK jij^ jj^.Mflnii jji oci^u ^^yiiJi ji Bornstein) 

Jj_jU L I (j » j i <-i i j ^j\JJ I <Luj5 Jc jJJJ S -\ i ti i d » -s. , , . a '■ ■ 1 1 Sji <JLxii^U .A j «"il I j Li 4aicj 
^J| Jj^ai jj Jj_B 6j _i . ^~ . fll l iLujj^aJI CjLa.jJ.1 1 _ ) >-." 1 n" ^A«-" J»-t^ <j>^' '^J j-L^aV I 
CAJ jL-aLVI jj-J^i ^ iaii. JJj J/: gJJfJ cj_tAU dLul 1 1, -,|| l ^ AA J| i iiLklJI clJA.VI 

•^^Vlj^Jljj^Vl^i 



- MY - 



.jL-^VI U-^eA^ J' J^e^loSLoVl |V ,n . .- . l ^oL^uL^Vl pj>l o^^Lil 
_>^Lt SlwJI jjkLLa Lyj j^. jSL^JI I4J j» ,:;,, ^GJI iJLa^JI <_i^.Lll JJJ _JI ■ i-A i 
!/* _>jj-*^ ,>o JJj 4-a-Gj Laj j *lo mi l <Sjja. _>-ujuj olijVl j_>j«\i Cmt ■".t>Ij J-flljJI 
<Gi. l^ ,_£**: ,_gJ I <ikill jLlfcLj.SjtuUII jfclilJ ^jjLUIjjIjJVlj J^Vl 

6JA ^ l_>LG ^cllc^J! S c Li»yi ^Jl C ^JJI jLa k uUJI SpL-iVlj «_■ *! ! <jLkJL> 

•jjt^ UJ-V *^^^4^' <J»U=JJ ljl.ul _>G*j ^ij^kJI 

<> S? c *' 1 *" 1 '■■ '■ U^ j-^JL, jLgJI CJ _^, L^_J| J^ V jSLol <^i>Vl 6Jj» Jilju 

Ji.bi_^JULl J-jJI flGV iuilSlljLojiUI 5 v ,kll SpL^VI f_ti J^i? »jJb--j" 

.iGJJ jSLVl 
" _■ * >I» JI v_uIL_uVl ^1 xLZ ui lj Sjj-a. SeL^I J^j j* lil_GJI majuoj ,-i SjL^I! jl 

eL-a^^AJIjSjI^JIjel^fll iGx Ji..U <^JLfl J_ot ,_, 1 , „ , LuiS ^Gll CiL Jmll J. IS -I 

J^.1 j* oA>iil j^ o-MjS yGll ol^^jklilj SjLojJI jcjjLl Sx^sJI iJ^jdl ^r »"■ .-"■ 
<j%H j^ aLuJIj <j«mUII SpL^VI caj J* Kill ?K.t. n ok ySW ili^JI .-. ly.s-.n 

jl plaxJI j* Lol ^fi < U»jJoJ l ScL-oVI .-.J o 1 r-»" ^| ie 1^1 ml, I ScL-aVI jJj-cm La] 

.^^JJI j* 
.^ilLSjUljJLiL-JIpLLuJI ilLw^SpL^yi ^Lji^ (\-T) Jl^i j^jjj 
j^^iULLI jLLjjoljiJI^-L^^iJI ^g <k«,ljj ^^,1^^! ^SpL^VIj 

- Mo - 



, n >i .^ | l l <S>^. ■_■ • X _> ■ 7. 1 1 SjjiJLo L$Jj5Li <jx.l'iirtll ^ < i« 1 mil Se L-oV ' J*-*"HJ 

U l a^ II ijjjjj^a iftiliJ.1 LjjIjJlj L^jL^jJj Ss LuoV I ^ Cil_>-ixiJI ftjjkj i_i-» mil jLoxaj 

•Jl 4l,Gjl ttfell^ail SpL^VI ,_>u^aj <Ui (jiifju ^dll jl^J.1 A-« 4ij£jj j_>ill cSj Lf i£. 

. j-» 1 Al I j JJJ. I j-lu 

^xAj (Bexton) jjG^%j (Heron) ojj±* J^° pl — ,Jx " t> je^ t*^' J— ~** J 
J :? <| a o^La. Jla cLa-aLJi L> A* e JJilj (Brounfield) Jo-iiji^j (Hebb) 



,jL-:yi jl ^ Kj^'u (j-Lr-j (Princeton) ^g-^^. ouU.j 1^ (McGill) 

jjLj^aJI jlj i<jl£j ^j'nii n yjit J=^'-=«^ mt-^ ^LG^I y-i jn'iml I j jj^'il l ^jJ] £^-^ 
Sj^lc. « nmll <jjjL^ JJjSj ^>Xr' ic* "U-u^ifJ JjLiijVI i_i _i i <1J JUa jl CiIj J_i*">M *i* j-o 

.<jlSj [g<|"ii no ^^jA I a -> '1 1 ^Jc. 

sj_gi_«Vi j_c J£ f L_5 i—lij-.L (Dake) 4>j < » n UJ ^yJJi ^Sjii ^j 
pL-aj LLu dJj-^j v\oi ^Lt (Clegborn) ggj .■ ^ ..Kj .(Murphy) ^^,-a 
jjj«" ' d-i- Ijkj v oLuji jL^iVi ^j-«G jSi 5-u.ij^ \M\ *U (Silverman) 

j^jji LLiJj 0LJJJJ4II jl_>il oVjaI <b m'llL J^ui jiil <U oLGJI lla JLa jl Ij^j-i 

5jjJL< iJJa^j jKH j* 5_jjjiJI <jj_oJI <_yijVl ijj_i^j ^ mi a Ml I 3I j ">Hj >_■! i^irVI 

JliiVl ,> JLjlkll ol^GGlll _^j>l 3t j.UII SpL^VI jl .^Im.^VI ^k jLcGVI 

.SdiaJI <.-. 1 a] lj SLiaJLf f I'io'imiVI jjJt jLGVI jcLGj <j <U_i->H 



< niVl Ji^lj SpL^VI j^i jLoj^JI J\ 



L* 



V Lu jVI r^Gl J^J 



j» c LolaJ li I 1 a Loji <_ix. I n"i -%V I j 4 1 mi a'J I j «t 1 1 i«il I JS I itil I jj> j n^ ^i o 1 1 1 G 
La j I 1 "1 r I j ^fjLJ.1 y-i <_n_> 1 lil I ScL-aVI ^yJ] SjjjlIL IjjLu ju j< 1 <i . <-■ ^ "i 1 1 j d iUVI 

^ ^_H 1 1 UN ScLaVI jLGcl ,_■ ■%_! JJUj .jLuJ^J ? wii'iIL ellill JJU j 1 n aV I J ^G 
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Uj.^Sjl l -II. I. I I 
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40WR ILLUMINATION 



<tf &' ttf Vf tO' 40* -J7" 

•501MC AVTl1tX>t 



I j.Lil 




O* lO* JO* *S* -SO* 40> 10* 

•arx*K Murope 



j»_fctiJb 3a t LUlj^L a JUUuJl2UU. ^ 3*LiVI iZ-bjiiH ( \ -T) J££ 



Lull -^LJI <k*Jjj L^j^Jj ■-.-> ...11 Oj£ dJJ Jl LL-il I jLi J..L.JI J^LL jl f^JI 

jlc jLjJLcVI j-S JJj-*JI 6JJb J£ j_il» (^jJI fo ■ /> n i l 4 i i.i 'iI L JJj <J-i*J Lo dji. 
. i j ■ » I L i '-ll I e I t ■■! I j I •Ui ' ■ -~l I c I «■ ..ll < ii n'll L> p l^tp-u <jjj V I ■» i n 1 1-\ i 

Vj i-i_aJf>Vl ^ c lj_Lll J-JU 4_ul_ill i-ujil ^ ^'C 5 ji j >UII 6pI_l^>VI jV \J^> 

: Jc Jn'iiMj ,jl ^-»-i Of-aJI aOAualll ,jji LfijOJ lilx* ,_ji-iaJ I jLuiVI ^jlVi . ni 

■ injiUII ScLAVLj | _ J Jiil jo-olic jjtLAJ — 1 

Sj-j. ihBijII Jji *U_tiVl Jj j ji'i i nj jl jLuij^J J^oj u^Ij jSLol ,_■ <- ■ ■ ' ^> -s"i — T 

. ■< 1 1 nj) u-i -> 1 1 i Jx, Lc S Lc I jji «_o 
SsL^aVI ^jjUj ,«!-». J^o j-l5 _>jS1 ^1 <JtLLcO jl Cul£ 4 _ i * « _>j l n Sc Li»V I Sjlfj -V 

.rjLiJI ,_ji <j»jjUII 

. I iij ) J5VI ^Jc <£.Lu j-JjII _^Lic Jiklj jLftjJL ,jiin.?ill <■•>■> uV r LojjJI -1 

^ujUJI ^aja ' V "■ a 4j i^j-uftjJI jj-;tc. ^a •*»" i±ji~> i iJajI i ■ t i l l A-jJ_jj |_j-« /iS-* "il l —0 

.jL^lJI Jl^la ^LaAII 

^ L-jLitl jl^JVlj u^-Vl : Jl o&y ^Ul J^b O 1 /^ 1 *> J^-^V 1 "^ 

:<juji 

^-^ -.j Vlj I pm oLiL^ilj ^ I oLcUbjl filjJ.1 LJaau ^,-a ^'jj jl -A 

.<^i.ljJJ <1a i_U_jJ J-^l ij 1 . 1 * ..''I' I J^ cji All 



- \1V- 



- \n - 



.S_y^J| ^ £|^iJ| Ji.|j ^ ^j^ ^j| jljji ^^ j^ ^ j^ 

.ikjLS.iaJi 2u*«iaH 3*LiYi £LS>4 > - v-r 

Components oL£_>* 
O^ 1 > jjL^ji CJ _«yi ^a, Sky Component (SC) » l ■ ...n <+£,_« -\ 

Externally Reflected Component (ERC) 

.<LLUI ij^jUJI ^Lil ol^lj jJ^i ,> u „<:^u C> ,^JI ^ 

<_ilui _^Uxii ^ 4,„<;»-,ii <^^i _r 
Internally Reflected Component (IRC) 

.^iklJI jJWtf I Jc <^&ulj SjiLJI ^ <]jLj j*j ikiiJI J| J^ ^J| ^ 
^^ic J£j <i£Lk_« <^.jLL oljSv* j^j^ <:mjji j^oL^JI ^1 j_.u-.ii |^ jl^ 

.(r-r) ji^ji ^i .i^jx, 

Jj> <...ul«J.I 4-iSjil ( v ) 

< ,„<;»•, 1.1 4-L-S^J.I 

4JA.IJI _^oL»JI jj> 




0)^>^^u*^aJiSsUiyi^Lj i su (r-r) js^i 



- \i\ - 



Jj<", , ^1 Luj-i-^H CjL^jII fcj ""> " ,j_a V. : N JLu pjoAJI ,>a olj-i La Jl -^ 

_^H oLojkll Jc 6^_-^ JU^Jj j.*!^ jL-i^U t/^J**— "j t^jl*-"** 11 OJ 1 .^ 1 
.4_i l#Jj*i- ^'Gj <Ucj JjJj f-uxJI l( | l ji"» . .n ^Sll *>^ll toil U>la^ 

• jLfiJI c^j-i J-«Lc 4JSj_>k ~ ^ 

d ,r I'.L.^W I <LijLeujJI <LiiJI <JL_^Ja —V 
.^JVI ^u^uLaJI £xl_>J <ij>> -1 

^1 <JL> JL. >VI j>ll U .j^ 1 *j-^ J-^ ^> <J ] 'u-JJ" ^e^ 1 
iiiJI <ij>j .ol^jL^iiJI oLiLi^ JLo '^^y-i-a ^jJ Lpl^j SliLUI ^ Jj»L*^ LfiLi 

d 0; l.7.> Sn.lua{j LppLi.lj<:L«LxJI iail ^J»-^ J-^ ^yJ] JT ^=^ ilclllo^lVI <JjLuJI 
0»^i*J oWh 0' aAJ *' ^'j-" 1 ^ ,> <_ii Lu L>Ji.laj ^Jj-aJI _-^>J pJ =1— <"-"]! <^J--iJ 

\ j c-.-j . _■ ■ ■ ^-- J . r ^ C> _JJI ^LL. Jl _^ <-5j_>i»JI »i*j «Ji.UL. 6«=L^VI 
jL-iVI J>kj jLloy jLlol "V jz 6iA C I_^JI 5_i5 ^ki Ji V 1 L_ > I^u J £ j>^l 
. I .-L-.... I «_o d.,i,..jU,^ .^ <ii_>kj <G— l_,j ^jlkil jrJj^lU S^LiVI ^uLSj^Ujlkli. 
Li I i f _£c j-fi .il^ .LLlSJIj L-ml -J I i^j-c^JI lJ^LiJI olj iu^^JI 5^a.Vl 

> j*.lj _vji £- J-l*i ^Uje J^ 0' v ! ^ J ^^ O'j ^ J® 1 uM-t-Jl ll> 

Jjjlj Lii iiiiVl ■ "... VI ^ ol->1tll jl Sxl-iJI i^ljaJI ^ oUlill illo .oUliJI 

ckljj ^Jc Jj./i-^llf^uall Ux^-imij^SII ^fill <i,^kll>fc jUlJI*^> J-Lxajli 






a-i£. 



- \£A- 




Caj j j . t-,~ , l I *>=»JU LLilJI ^ j'nnn jt. 4.A«Vm JIl.vJI J...U ^(^ |j| , 2lla_^s«i4 
.^LiJI ^ Ji.jj V «Uc S.^aV.U JLJiJI d,.,l rj LLiJI ^g j'.. , , 

J* J>JI o£J <-&*U j^jjJI (j^.) .(j^) OL^JI t^ du^ fJ-ilUjJi - 

J*. jiili>:l) l^yiiuii^y Tjt ij -.n . ui ^ Uju^j <iii*jj JUjM g*jj2!1 

.(JfLiJI 



- No N - 



iU^iali 3u*ufeN SfrLiVl £LS># ^bi y-v-y 

*LWt2LiS>*>- Y-V-Y 

^Uaj^jJI eLiJI iLajl j^j-a I (j n n i <■» <LuaLa. ilLio dilj ^i LuLu I * i l -. . 1 .-.. . 

pU^JI JLS^ ^Li ^U. ^aj \ jjj JcVl - c?y> Jj f— S" >i^ '( r - r J^i) 

JLuiJI ^jx. j^ Jjt jxa.Llll U»=JI rr_i-> ,/Vn joUjfJ Y *ij jA-uiVl e^aJI lal 

.^iiVlJLiuull^dljj 
: (1-r Jl^i) ^UJI ^ iJUJI oljkiJI fcxEij 

<j£_>1I ,_>"LS vjjiHI ^j (j) LjJ ^ojj Lo^Jjlo <Lii ^ LLtJI <jf\ ■ ,,.,o JAaj -Y 
J=A]I £-0 L^Axli J ^iU'il j (j) ikftij! j_a Li^^-a Jj)»li.\i Ojjj <liii I « ■ -^j l -i 

.Working Plan LLiJi <J J ...... jUi ,-liVl 



- No. - 



— 



.(oY. lu> ^j,j) tS ^'\J\ £lki)l ^Jc ^uLill ^i UjI^J JjLJI £_Is3jVI 

.^JJI ^lill J* hlA) .- ly.~-.t i 

; jjfc rr it i /Ml I J.oljLo ,jj£_Ul 
■jiiVl <1U.I jj^a j^L?- Lf b- JLaaI «_Luil]l I'iUS'i Cul£ Ijl .^>il_>5JI f jaaj - 

j^aJ.1 ,Ju» Jo-is -i^-'j v"^ J* u' JL *-' ^I»ISjII liLJLj OJIS Ijl >i>i l__j_aJ I Jj^i j) — 

(Jj^ ' u>"LjJ I Cr°) <^-L"=V I <: L_uJ I i-£j-o ^ ^r_.-> ,/V.I I J_ol*_o <_>j^ J-^La. U. , j, 

.<c.UjjIj -Uijx: Ajltll JLJJL <LuoliJI <jSjII 

. ^ t ^jliiJl > u.UjJ«^a**i^^l2LiS > Xl Y-Y-V-T 

(o— Y JfLi) <JL,L_u)l iliiil ^^ij Ljj J*«". ...~j 

Uj«"... ft 'U»4 pLa*JI L&J. Ji^uVl jaJI jj^j .JLuill jlL.1 jil* JLu. jt£ Ijl 
ljj> ^ j j ■<-< -.1 1 <^>JI Jiajj .j^LxIl Ijjk ^j-s <ki: ^jlci ^l (j) ikiili jj f-^-je 
j-sLaJI ^> « , ,. <«U I LSJ.I (j) iUSlllj iuJ=JI j^ Jx^ljJI (j jr) )V ri,.,Uj ._.a---li 
jAkjjeU^I <-£_>* ^LS ^i ^ L» Jlo ^jUJI jjjjjIII ^jit <G=l_>ii jvUj *4ja.jUJI 

. L*j^j JjjLJI £L_>LJ| ^_>uijj ~ ua uaSlI 

t'Z^\Jj\ J ^[^\^'Zu*Sjul\7iuS> J X\ Y-Y-V-Y 
i _ K> Li. ^LL j I ac ] fu <-^\ .. . -> ll j_>J=JI ^>c Ij-jjuj <j-S_>1I oia ^L-3 L- — •"! 

f_LuL. dijj (v-r jii) _,l^ji pj_aj JLJLkiji ^ . „ <;t:,t,i <-l£_>ii oLLuu^u «i r _.v 
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i) & LijjVI Aji-*-o J I -v,. Til Jim'ilL c\ oi.ill <-J^J-o ^c^*^ 3?'-"*" 1 _> u '-^' 0' ^"^^ 

J.Ul- aL^Vj '( l A iVl laS — il l*«) ^> jJI J ^^ >^ O^Jj (ur-'^ 1 t 1 ^ 1 
: iJbJI qIjU-^M > jSj .ililil ^ Y a_5j J-L^iVl f^>-?^' J "«"""i bii i /-."ill 

. (j) < l U a ', 1 1 . .-I I ..7.1 1 4 ^"a i . w". «_o X ■-> -^ II Sa l La, .. ^ « . .. ■ . — \ 

.(j) -(f) JLJJI ^LfL (j) iLiill J~=j: -r 

JLuiJI iiiw Ljj»LC.G (_$jljJJ (j) iLailll «_o l_4jSj_a J).l-»ij ,li_l -t l ilili I « ,Ajj — Y 

. ij 1 1 1 ti 1 1 <^-^ I j^i o I* I _>iJ I ijj^ '— " "* ' 

<jjlj J,.| -> il I Utt'in I -aJ^j bji\J i li/ii \ • J I jiin Jul ( _^ I i 5 1, 1 ^ic .-> ■ 1 1 u — c 
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SUa-jliJl^^iL^Jl <> 2USjuI( 2jSjU o*Li (O-T) J££ 
*»,li1 j^oLjJI ^ d„At.ll i^il ( M ) tip,,, II 4^ (i) 

^LiJI ^a a_k^j ^i (j) 

J y £9 ,- J* J9 **-> A t 9 

xr,A = ./ - £_,a = (i) ci^ji its,* 

(J Jc <jj tt jjj t _ r ^JI ^ l i .. m l ] < i i nV lL 4_uiljJI £_-aj_o JqjLJI - I d ■ ■ .■"■ jl_a_iL 

LfAPj ( 0_,r Jj-i?- t^-b) J^LJI >«^ SjU (/) .^uIjJI 5j5 jLa^jl ^ .^Vl jj^jJI 
•Jj^ 1 lt" Ca*J»_>" <j£^ ,> <jj!UI i^! fclji j^ Lr «ljJI j>**JI ^Jc 

(i_i) ^juLSil ^^Jc <5jLJI S^kaJI ^ya <ajl_i]l ioJiJI «Jj3 -V 
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•^ = 



: J\ ^j^ 

( _KJI » Ui nl I : ijl iimII ft In inn < 1 1 n'l 
• jV = J=J> LaJ I ijjiSt 6 jS 

• jo- = ^jUJijiUji ijjij 

(JjjaJI jj.) /1A = Skinjlll ,&il\ ijl .. 

£>ljd\ jLjc.1 

(_a ^uLill >) /-jVA = ^LklJI _>^LuJI ,> <,..<;.M.I <J_ull <£J.\ , 
jlc jL±j_£.VI ^jk Laiil ^jkj JjIjj^ <!iLvLi-i La^£3 JjL-JI o!>Li]l oL^^I >TGjj 

L=JLu,j ^La/jll oLki ^i .Maintenance Factor (^k.) <:L^ji JJ^. -j 

lift {y-oji (^ — M i.j-'tlll JjjjJIj rl "ijfll a it, eLii «L».jJ ^Jt jiijli i£_>-^1 ■■■* ■ ■ ^ <j1 

: iljLi i_$j^- lj <ijJaJ «U£ 1 'i i /a "laU'in ^i J_o 1*1 I 

(T-r) Jjd^Jlj hUUAN ^ jr UjlJ ^Ijil Jc jJ=u, <(j) E t^JI J_,Lc -y 

.J-oLill IJJ6 rtj^ajj 

_^jil ^ t 1 -i . nt l Jjj JJJLi Jl 0^-°i J^'j-^ 1 ^' J 1 >4^^ ■' ' " ^ 3>^J U^ .' ' ^ ■a ll -_a. 

: Jj3-> Lil I ijVn n i Lnajcj ijl 1 1 till 



£ U.3iJ |J iL^JI c ln,„ll 
JLuiil JSJI -U...I I 

- \ol - 



- (3) u 1 ^^ 1 " J^L«-« 




:: 



i 



\ 



•Q fl ST*? 





\ 










> 


k 








V— 

•A— 




n\ 










'MT* 












't-j-v 



1 












\ 


>v 












<v^;^ 








. 1 










J- 







1 liit ,"il o^ 1 J jl ii ! _s'j'l »J*i £JjJJ -V-.-- -t -.-s-> Cj'-i. _"-*-H 




<*i»JI ^* CmC -U-t jJc »i 



iuiVi^^tvijUii 



tylit^i £j>2*l 5ft Lib Cl*IiJi JSLiaiMfi (v - r) JS£ 

-r. j. Al l J -< — "H 1 Jt JfcUwj ( JlJI Jxl^yJI jiukl Jj> ^Aj :4aliljll w U ■ uV I j$j —V 
jL-dJI 60*5. jj JJSj L£ . I lA"'.l , <£.Jjjj pj.AII „ < \*"i iaJiLill jjljlVl Cilj nI->..iVU 

.^/jJJ L*1o j_jSj o5 <_£JJI 

-X £-*._>! I ilaii Ait 5<= LiV I <±& ^ oLUJI jjSj (A-T) JiiL £— ijJj 

J}U. dajL_jJI ciLaJLi SclaS ^_<_»«">l JJ^ Cal-AaJuJ ^^i-u (£-T) < _^J LlJ I JjxJI 
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: ^jJllllS (j) jli.Aall J^la-a ^.jj <JLij ciLo^Lce _>ijj »jt <ULa. ^jj 

• .Ao-'.A. (ftjjlftjll ji JlljjSj J J*il J" ■•II--H ■*-- : -'-jj i -- 

• . Vo i^ j i t i ^ jia. ^Jt A^ilajJi ji JIjjjS dLiiiJI - ■-^'- 

• . v • — • , v i_n fi-^l I ^jm d 1 11 til I - 1 -••■'J JU^ 

<i_>Ajl oLkj ^1 iiLuill i^j^All SjSJI Jjji; >(j) iu^Ajl S^iJI cLaa . ^(^ |j|j 
.(jL-uAJ J«L«_<.)j x (^La^l J^L»_o)j x (ilL-^JI J*Lt_«) ^ x (j) = N (() 

Joxu^La ^^it J jnl-J I .jflttJ <JjJlII pLnn Lf Jc (() <ijU III «i -'j All SjJiJI 5 ■ ■■■'■j 

: ^Vl ^ ii^l J^.lj SpL^VI Sj^il ( _ r UAJI ^JjjlJI >-">uj 

* 

Lojjixj JI 1 itill Jjc iiLuJ.1 ojju LJS 5c I ha VI 5 I ■- J53 jua .ii^jJI ^^r — \ 

^Jl \, • • cJL.,-. t ^La.^l_ > _iJI J — ilj 5 ji.iiUII S*L_uiVI ^ jUicVI jl<u 

ol ->l a ll JfLi jjJc. L^L*il i-i^yjj I jjbj (V-T Ji±i) C ^,^JI j ..^ . j^, yia V . • 

j^x. ^J| JjAjJL cj.AII _>;ij£II f-L&jil jj JLviJI «, I,,, : .-.I -v". all «_uaj -V 
JS-i) <^.LJ.I jjiiiL j j« .< -» ^ Ltijl jj dLxi <u juax^ ^jll JJj j^ ^1 ii^l Ji.lj 
Ji.lj J^tl oliL^o ^Jl iuj^iJI iuiVl Jolicul ^ ^IjJI .l i-^-.- l jL^j (V-T 

.(V-T JS-i) 1 tiiiill ^Jt l^xu&u JJjj c. I^ijl 
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<~^Lt gJU—1 <k*Jjj JilJI <ijJJI jtk-, Jl O „o ,t.ll <*_ii <u^.jS j£_*_. J|j£ 
Jfl£ £-* J*-"^ Jj "j-^J' JL-^-JJ ^jU'. ,,,-. JJjjj ■ ^ ...II jjj J5_, <^;|_i L^ljl] 

.<£ao ia.jj Jil Jl Sjl^aJI 

• 1 * 

<^""? ^_>J-JL, LjuJ^ <-<i>U S- 1 ^ 1 ^db^'jcA^ 1 "ia-'J <-«.)V Sjj^JI s«=L^yij 

J^L^^I^L^I^^i-JlJill JliiVl ^-ijj, jlSJLI ^ . ,\ : -. ,T : \ 

ji £'>il JSLi ^UljIjoL^lill Jii, <UI J>+ AJ Lu3 ^jJlj^Vli^^LcJll 

, <Xva 



Jjjj ,j£ Ijl j. ft . ^U j* Sjl^a Jl jrU^ JJ.I Ji.lj OoJJI SpL^VI JLkjl J 
i^-ll* Jt^ Jl J>^ll jl«j .<JLt oL^u ailjill fc SjuxJI jSLoVl Sjlil 

j-fllj-JL ^-jSjJ ,_>uSIj-C. .t_i n Lfljj jl ^j_i.Vl .LjIj^JLi iil_>j iiL-al Jl -- j -■ 11 1 ■ Lol 

(\-r) jtiisVLjc^^jA us<«>ii 4 >sx H Liiipi>vi ji s.L^vi.^udu^ 

J^- 1 C->^" ^ »L^|*iIlj Sjl_pJI JUlil Jl JilyjJJ ij±£ oUli Jac ^jJj j3, 
ailyjl Jc ^SJI g'la>jll <Jtji fl.tVi.nl J~±s>. iL^ljj oJJj J »<^-l l jIaj <gi VI 
SjljaJI 4-^aUaiol J*L«_o dIJj£, Ij^ CiJSail J^lco jji, tf jJ| ^JLai ^U.^1 Jlo 

J Ipjaa ji^Vl jSUVl J JLill ^jj ji Lol . ^ trM »i1 J] .Lij-Jjl JJSUj 
oljUal U^Jja. v^Jii «W l >t l J i La «%J •-?•>»> JL^I £ U.J J*AJ jl JjJ.1 
olj—LS ^ Lii-,1 ji^ JJiS .JilJI Jl ^Lwij^yi jLii ^ii LLU.I ^ ;^y..~. 

.ill! Ii ill I ji ,_)■■" .T.ll <XjJuI ■ .-■ -.1 ... -. ,^,l l 

JaIS: j^y Lj5 l _ > u- 1 ^JI ouil jjisJ^p^JtSiJ^iiLI jl=LUI ^ «j? JJj Jlio 
JttS »1» ^ju^JJI olj-uLS jl io^j .^,^1]] cil^uil^ ikxJ^ jlill Ji.|j U^G 

e^iJ <t_ui£lc. £-k**il <_kxJjj 6* L-aV I <-J>iIj cllj (J Ajjjlj J< ^ ■ a jlill SpLc£»I Jo 

0J4J i^aLi. olpQaJlj LIj3 <k i J > j jlilL ?fl_t o all <^iklaJI oUlj^JI Jl .,* .^ , M 
O^J *jl>JI JLi^ j^iV <i,_^j jjJLvo ^L>j ^lailuil Jl isL^VL IIa ol^-l$ll 
o "" ' "* * <-«L-il Jc Sxiaj oULyl Jl dLLuill <i ■ -.y. dla£j rjLUI Jl I j ■■<;«" 
J t^^e Lo Jl* v-^W 1 ^^ ^^ J^ 1 u& J J^- ^ Jl--i" <^.l£ Sj-iLil 
j— JL. ^ii^ii J*c ikuiljj Jcl j-^L 8 Vl»^*Li3iua. u ij 3 Ilj^jLiAll 1»l1 
( \ o-r) Jii _^| yUl ^j jt JiJI ^ijL, Jlo-iJI jaj ^ -,-, , Uaily jLiJ.1 
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than deep in room 
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<o=L^I jl£-«y J^aJI j- vj^L. JLiAll (^i fJ _^JI j ~.^, J>J?J a ,- *, i j\ .t»y| 
j^a* J_>aJ j- flJL <CI jjj^j j5 jl>iVl ^jAju jli cllj ,> ^JLj .Soia. S*LiJ 

Jx^-y _^^JJ <i,L^« ji^, Oj>*Ul ^i VI _>ki]l LijcD. 4±,|j J| P>4 iJ| 

a_j_^Ul ,> j££i a_j|_^JI a_^.ui > Ufi p^^ ji&j ^ ^ v jL— tf l 

-:<JLiJI ajjUlL ji^yi a.^ ^La^. ^^^ .a^yj^^ji 

• A (Ju^l tyty I) x \ . A ( ja ^J| iLil Sii) 

' = jl+jVI iajS 

Jl^iJI <> aj^iji s,L^VI i^ ^ jS ^i\ s^l^i Sil4i 

-I^VIS ^-aJ a n ,„-,ll <j,|jll 



<iUI 



&*>• 



aJLI iyljll 



^ JL^iJI ^ jt li^i. _>UI J»i jyl, Ljit -T 

<|) La. . Ota. x JL^iJI J^L, 
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. jLull _>J^I J^ ^ L-li, Jlj^l Jc <uiiVlj ItaJjO LjljJI ^ <}) .GLjlj 
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6*L^.I SjJi ^ iijjsA^ / jlSJ.1 ^ <jjim-.1I <j£jII ^ iJiJJI oL^KjLiVI 4j$_yo 
ScL-iVI j-jjjj" ,> i+^j-* <JLJI &jj» j .". «'. \ • • jL^VI 4-aJS ojLS Ijlj -j i .^n 

J-alauj jLfjVI Sjjj-Ji <JLk j i"i <" "\. • J^o j_i£| Caiill oJl^ Ijlj * — j ■ a I (j'^lj 

• 4 «n i u ^oUIj 6jjio jj.nl, I SpL^J 5j^i — \ 
. (5 aiLJI ^ -U . nn ,_ji) ej^aJI jjmn <^L*lo — T 

^ <_JLill SpL^VI ^j^Loi^ ^1) jlill ^i CA«J' "4^ i*13'Oil fUll ^g j'-," -T 

_>£j-o ^lj.aJ.1 (LljJ ^'|) jjj-lll jkJI UJ luJL 5 f U^VI jj .on ^iij-o -i 

.(jfeillLijcSJitiil 

.- j . /i l I j jirtni U it 1 I ^ISil a- 1 . A I ijji —o 

Sa^. ^ jj— m JSD jl$-,yi iaji ■■■■■■->~it SpLo^.1 jO^o j* jiSl jlHL jlS Ijlj 

.iiij^H jjL^JI ji oUliJI J£J jl^yi j»o5 £>»?-« >A ^l^JI jl^V 1 OJ^J 
jL^VI ^iLJ iiJl^o < , nj „ , „l u-lUl (Y.-V) Jl (\A-r) j, JUiVl joi*, 




W^V W tL^V 1 Jam* c^Lj.jMI ujbTl > laiU. &uaj ^ dlU£N 2b»2i AJ*.J 
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JJ»ai JjtiAJi ^U.Jlli^liajjailfiJli ^a« <>ij V j>Ul jr L*.JJI ( U-T) JS^i 
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1 "* •» ' " ' J^> -^ <— jj^il j-ii. c j-^kll jjL-o^ jLi Ij-La. Ljuj^: <*-jy* j£ J Ijl 
Ojj caJI c> _^JI 11a J^j I jLi c/jl-« J^. i^ ^j ^ ^ 3 ^| J| s J _ 1 i|_ l _ a 

jj-J^jC^aJI J^Ij vJ ikll J^^JI SfL-il ^> JJi Uo <ui v j-cjll jji pj-^JI \1a 

,<j ^ ^ill J^aJI Jjt .Jj^.al, jjj ^LxijVI ^J*j jL^VI 

i> t 5 ^ 1 j." "" j l ^.'""-'"'i | j^»IjaJ ji^LJi ^.jJL jL^yi jji'c ,>> jiuyi jSajj 

^jjiil fcLi.yi Sji JijE LS .LjJUl <5JI ojlj US JJai ,»]! jl LUJI ^ 




^W Us-ll .r-W" ,>- w^ttll jL^Sfl 
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External Louvers 



lircci liiihi rnmi sun _>C^ 



Reflected "beam" lisht 
fnim louvers 




Adjustable white louvers 1 In 
reduce apparent brightness 
and brat load 



Skylight leg. double - dome acrylic 



LnuM-T support assembly 



Deep «ell nilh matte while finish 

1 in reflect light uniformity! 



Prismatic I. ens 



\*\ ramidal «e 




Prismatic lens 



Effective depth of well ill) for 
sides sloped >= 45" 



Diffuse Light 

Sloped .surface I In increase 

appurenl si/.e of skylight > 



ou+Zl\ 2ml& JUu <jjOj sJw-JU %m3k Cy S*L»YI JU jI &Ja ( Y . -T ) J$^ 
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t Ij^JI J>* **j»_iiU <j>4j j*i>*J ij-'^'Ji ^^ ■ I < '"'' *iM-^' J^" lt^J iljVlj eUJI 
Jiu> . jljiVl Jl ^-.i..l Jc j^UI 0s >HJI »^ i tit^-.t ^LLbtl *I>4JI J] i^jUJI 
oijJI J>* /* • -0 >»• '— ■ > \' (jL»«3YJ Jjl i-i j-»j .<jjj,Lio J>jSjj oL^jj ^1 ^■%.)"ill 

,jLi (.O^L>-«l>-» JjLjjjJ ** _' < _'* _H l >-''^- — f ' ■ « *»" "" i . i'ni — ^j S i no ) <t_Jiklj <1jj ^ 

^JU I ^ a.. ? .- V> ..Iall 2U j£l I _tf .4 > - t 

i^LII ^ io^. jljji <iili <_■«_■; Ul ijj^l >_,*£ 

6J>aJI j-^Jl J^tA <^LUI (j'l "IjfJI Sj^a. je*^ J?-' v> ^iM^' N-V^£ 
JJ aJU ^ii c '>fJ <1 1 - >.'"' '" Ij u^' Ja.'j c '^>fJ' ,>« f^?-a. j£~*i MJ^ O*- 

:Jt Jl«i.j (Health Ventilation) Lr «L-^ L U — »j C-* 1 -^ " u • 



^MiMi^ali 


-U«aJ» J-lII 


6j-Jt1 




oailtl<LuiJ 






X£ 
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A. 


0->_>oSJI 1 ■ ■ "^ 1 ,fjlj 


Xi 


n. 
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Vo 


*1 *• 
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\. . . . 


— 
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o^j^ 1 J^' Jj' 


\ 


xro 
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Ojjj 1 


T 


U. 
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OJej^JU- 1 ^ 


_ . 


— 
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j±Ajll*jji 
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\.. 


^ua-jjiill jjmiSI ,jJlJ 


__ 


- 




- 


^Jjjlilll 1 u nSI 


• . o 

• . 

• . 


v. . . 

X£... 
■\... 
£X... 


StL- XI 
<tLo X£ 
4tL- Xi 


o • • 
v. . • 

X. . . 


^j*i * * * " 1 i_l ' ' * " 1 


..0 


\1... 


\ 


x.. . 


O&lJj&Ji 





- 


teL-Xi 


X 


3^3 


— 


- 


• .Xo 


\.o 


o*^*j 


- 


- 


\ 


., .No 


UJ^J 



u^jjuU 11&21\ uu^lj * i^Ji uIj^U (\-i) JjJl>. 

£»!i>*»(i) 

JLJ^ it LuLuil Ltjxfc Cx£&3 oLaL^JIj ^JJ I iLiiij jliil JULiL ik^. 
olj^jS JIjjJ jL-iVI jit j^iJI c^LJ jl^uj ( i*UI L»--»JI ^ ^j ) ol—iVI 

,*i «H«jt» ftjJ. Jk 'J] Ji» i^jljJlj jLuiiVI ,juLuA.j J^Jj tjtjlj^l J^o l-ia, « ir» t Vm 



- \<w - 



r- 1"^ ■ \ I . ..'. V Li 2 . .. ^ 1 1 ,2, 1 . 1 a » 1 1 . ...a'.'ll ,j« a 1 1 '^j* I ,j^ 5 .j I u 1 1 «i inSi I ^xi^j — I 
_»lj jj^^il "L> rjniiiH u n-iiVI .laJI jjL?Ji i_i'i^"iI (_5JLill j— J-^' ' *_■***"■ — V 

.Ija£j3 JSi 



Lr Li.lJI elj^ll Sj.ii.ill OjLjJI ^ a^a 



ill -j 



S_>_JLjJI Lf ic aJjja-jil <LjJojll Jj> jjoia-ill ^yJc Sj-tLoiilj jL-uiVI ajw -\ 

Ventilation i»ji^Ji <_=*. t_>J I o^j^ **>**" tr**^ '- 'j-'jJ^" ^f" 
<uuj>y dj-fJi iSj^. sjLj ^ dlj jj.a-.ijj for Thermal Comfort 

JLjJa^ll ^ »<^".ll oJlj£j i^lLaLiU Ljlj^JI Likl^l jji->"il L^ullo L»jj>i 

^IJUIj+iMnMnN 

^Jtl iiikljl Sjlj^JI <^.jj jjSi Ljit JJjj ^yliil jj_>ji J^.'l j-a ijjflll T-N-i 
Ventilation for Structural tf « ■ ,._■ L« I jaj i^jUJI 5jlj_=Jl i^-jj ^> 

Cooling 

e |j_^J I ■ a. .<'j ' .j j "I Ij (j\ -v i.i'il I tf , yjlj 1 <_iSj_j_oV I i _■ » ft ■%! I i ay.-^'l lil 

(N-£) (Jij J,a^- ^i i^Li-IJI a '._, ,11 olijio fjbi gljij ^ j_5 <il_i (ASHRAE) 

. Jf*JI ^J.1 ^j jj.rttll ^J.1 ^^Jr. ^^lU <Jjjiil ijJlll <jujji I4I0 JS aLoIj 

- \n- 



ififit a*t£* a *- s1 u** i* 1 * *BklsMl» ujiWi JJ«t. 


JuI^HJOjm 


laU^I 


i-oO / >3 V t c^-jlili •Ijfll afc.&&3 yl yi^M %• , 


(Gtj)^^! 


(j^Sij^U) 


•A 


\.. 


O"^ 1 ?- 


T.I- VT. 


TT. -\1- 


. »yi\ Jafc 


r.vr.i 


fcA. -TY. 


Jajjjjio JaC 


o . r- r . "\ 


"\o. - £A. 


jLi J*t 


\.t - o.X 


A., -^o. 





^^J^IU a^jllatl 2U$«2. «jY.i** ( Y - 1 ) Jj JL*. 



(um2A«UI/T» 


(jOJ&.JUVii... 


\V- \T 

Ao- o- 


6UI oIjjj - oUuJll - pUJI - oUlill 


To - W 


j-jlall i.Ull oL£il 


To - W 
o. - IT 
fT-Ti 


6jii <r»H oUI ■'i-jVI u_ijt 

6^uUI oUI«"i-vVI ^»jt 


W- \T 


oa-Lull 


IT- To 
V. - o. 
Xi - To 
W- \T 


•UUII uSlSLI clilji : wilSlI 

JVI ,_— UJI ^jjt 


To - To 


^lIUI 


o. - IT 


3*jl I ,-.l ..-.; .Ml . • -x. 




o. - IT 
To -To 


oUljII 






J\ LT?"^ e '>» JUJ <L~l>j <J>xi- juljj j^^JI ^ ^ ,-,ij .i^HI jKll ^ 

I 15 **. *^ V 1 •+** J-)-*" ve-^ a^e ^' oUl^ill ^ii JLi_iVI <ill£ ^k 

Jei.UI Jj**j ^^iUl -LL* jc ^ui ^jlll j^i ^u ^tLii jj^ j^ 

: ^K ^liill 
= (SyG / jH ) a*j£JI ^-Si c tu] Jo*. 

(Tf./oljJ^liiJIJ^IJ^x °-\.xi 

W ol J v ' i* 3 ' 1 **" J^ 1 J-** a£; ,^JI <JU ^i ^JUI ^.m i <jU ^ 

ti 

<tU- / jil \A tf j a / jilj. . o = j^l j^i ^.Q £ta , ^^ 
./. . o Jliil oLL A 5JL j^j^JI j^Si ^tJ 4, c>a ^ ^jjgjj ^^j? ^ 



- N^A- 



^u .^/J^. \ • • • «I^JJ iit>JI Sjl^JI C Pa 

Jliai^jlill.ljfllj^lilallplj^lSjIj^^jJCwJL^ 1 AT 
: ^VIS 4tLJI ^ S_ >? ^JI c ljj» jv^a. j£JZ ilVj- <JL,LJI <2>UI <jtl jl^j 

Qv = 



4ISR- nVAT = 2.3nVDT = C v AT 



;,i 



\— <£Luj 4<cLJI ^ ^ I^JI ji^a. jff*j Jj*-« n 



Cv = T nV 



: <Jllll ia^UJI Jx Sj-^-JI el_^A »a j±H^ ol_>* Jot -Uui jj-iJC u^-°iJ 

n = 0.49 + .09 x V w OIUI j-ijiil 

n = 1 .03 + 0.29 x V 2 W i^jaii jiijiil 

Crack Method jjiAll IL> ( v ) 

jl jjJLill J}U. ,> tfjIjaJI uj- ill J-AJ^ Jbje ^SjU ^ ^Ljjl' ^j— 5jl i* 
a .» /i "■ 1 1 ■ . _. , . .."1 1 »-> ^ j ■ i a". " K „ . . d "■ a i* 1 1 j| Jjj i"i 1 1 Jl n ~* I ( _lc JJJH L<"> i— >l **"i 81 1 
olljj 5 1 1" a - oLcLfijjl Ac < i ml j <LLI S"t o <Ljlji* ol -^'i a ->J^J <ULa. ^i 4 _n j l i -i ll 

: iJlllI ol£yl*JI Jx tl^JI Jij3 Jjju. jjjilj 

Parallel opening Ljljill oU^ill <lla.^(N) 

m v = 0.827 I A (AP) ]/ 2 

- Y.\- 



— jLi /jl >x*j 


ftkLS 


\j* i -^f 


(&uJajJi£ji 




J^JI 






w 




TO - T£ 


f- 


£0 - TO 


T-T 


TO - T£ 


0- - £0 


TO - T£ 


WOMJ ' v 
V UJ* • < 
"UMH ' 


T£ 


T- 


£0 - ro 


T£- TT 


U,0 


00-0- 


n - to 


" UOHA * ' 

Wed*' 
R UB* " < 

W ( ' "U u 
qOL ' "U 


T£_tr 


T- 


6- - £• 


T£ - TT 


Ujfl 


00-0- 


U - TO 


- U UL 

<r UD* ' < I 
• UB ' 


I£ 


T- 


£0 - ro 


T0-T£ 


T-T 


0--£0 


T£ - Tr 


d uh • oi; 

WLN* ■ "UOB A 



<L4j_ > laJI n i ujj ^-jLxLI ^ <Li_jUoll < h i iUII ?jj fl "I I » a a j ■ ULtl J; I "■ j I j U dLl* 

Air Change <^.UJi ^i 'i .f.\ll J\ >j ? ~n J^ - ? ~ j _■ _■ »-• <-JL_>kj ^JjVl 
i^UlS ^j Crack Meth od j > ljji <iijiu tf «...'. iiitili <iejUlj Method 
Air Change Method ; p i,..ii ^i^^n ,ij* r? -. J1: i- js^l-1 

-: <JllJI <iiUJL iniikll <jujJL (_5j'>aJI Jijlll Jo*-o uL» jSju 

Qv = a C pa V AT = 1200 V A T 



. V» i aj^» -»l I c Ijjb u 



V 



- Y-. - 



Jft.ft-.tij ^.o.r.111 ^ j$|3 ^l £U.l j^Ut > Sj^Jj .yi i£_^ j^ 
^ijill JuJ\ ) ,--->-l i ; 1+ji p^aOfl <it£j.l JiL-,11 ^ ^ijjLJIj.l+ikljj^U.I 

Jj^JI Sj^ oUjj ^JitLkV 1^ Ui.^W J> -T 
j^.1 f l.~-....l. ^IjajJI oUl^aJI Jkb »f$|JI <£>*. ^ji ^ j^iaJlII j£«u Ijl 

J£ji ..jALkl. lai-^ Jlolloj gJB,- -lai-i Jl=l^> Ujio tf%M J*^ * W ^>^ 

u« .Ail jLLa J] jiijii Ui.Ali jLiio > l^Ij Jj+ji J>^l. i^-a. (t-i) jxij 

d". ,l~. j . .7. «) 4JLil!i Li« '-^ <JLa-i j i -~ jjJI ^ij_>il la» ■ «-»H jJalio j ;~>*~>J • { j f* ' i *>'! I 

I '■ <l»li wij^t o-k"i <i»>l> SjliJ ,^1x1 u^'j ^'^' Jj^l C>° *J^ft <j_o£J l_,.wn> 

51X1 1 ».'i 1 1 1 _ >u -o3Lll ^^jjVI k1>juj o i i l-i i Lajj Ljjj-«j <-"^jI •> ~» " ^jj^jI ■ « *> " > i-ji u'iS'i t 

j_>J .^LjjII 4-^>^ ,jJt <-«Lt ii lqj jij: ^1 4 j . ..i 'i ^II JJj-*JI J-j .<_iil>fll 

.oLLillj jta i&VI jili "^"ij ,_>»"_; L-lAjJ I j u^J^' r ***" ^V^^J cSJ-r^ « ■< -» ] I 

i Itffj*. *^t iS>v ^ ^Ul JlS^ij c^U*Xl JuS^tfl^G Y- > - 1 - 1 

- x.r - 



Series opening 



iL^lil oUlill <1U ^i (Y) 



. A! A 2 
m v = 0.827 { . ) (AP) X H 

v VAi 2 +A 2 2 

2 

AP='/2 p a Cpa Vw 

: ,\a <ajLJI il l -^ It a ,...", 1 1 . L« .Al l I jj . . 1 — ■ • .< -. iJJjS. 

AP = 3462H(Tao- | -Tai- ! ) 

ilkall J[^l» j'l CiUkliJI qu JaJI jj» H ,jl 

VH 5 *u#ii&i$s p a 

^.^/jt^ pi^ijc^iaji^i Cpa 

Ci/jk M>^^r C^->" ^-^^ ^W 




(n)U*^^^i^l^L^l i .a^i i J^l^^jL^ifl(\-t)JSui 



- r.x- 



^y> Cpz-jj J LoAJ-lm L " ; l>fll sL^I ^y&z- iji ,jl^. if>«-^l (^ Jj ) "-»->H .ji^JJ-aJll I 

^_>*-oj j—ij jiYlj Wind' ward r_Lji aUji ^ J]k*j j^ £1^8 ,oU.i>Ji 

fljtfl Jl Jlkll^ljiJIj* JjUU^JI Jjai Jljjj C LJ\ Jc^j,?^ nju .. ft .7.ll 

Jc *j^°H oJJb alj -^ " ■■■ I J^al J-iJj .<_ikLo *ljj» <-^J-^ fij -^ n ,jii<i iti II £-cJjJI 

jlia ( _ f ic Jj .<-»-JI ^^u Ojta. liijJJ fji iJ ^-^ ^Ual j'\ <J_>iLI Iniln^'ill ^gj'i . n n 

jj >jS. I I. .-. a j -> I ^/_jljj^ ^o ^jXij i~i ->"ill < i ill-. jJILo ?■ l"i n "n nVlj ,__yj) I ~> 1 1 jvJ^Loj ■. — >''- 

ft I. tJil .ji^i ^j Sj>lll »l>+ll djLu jj .ta^Ly _>J-^»Yl jlO-J.1 J.llhlj (jjCIl 

.(i-t)^ J-SL£< iU'.ll^-i j—SLJIpI^I 



- X.o - 



5Sjj>. oUjiV <a.ljll Lf ldl p-ki-j jit eljfll la i . A jljjjj J5l Iflai eljfJI <£•>" Jj& 
f\j^}\ <£._ >J ^j sLaJil ^ji jj_i»"illj ^fJill uj ■ '■"' ^- L^J^i=> i-jiyiSi iLlkill slAj -*l.>fll 

j-ija <JL^.j (_g^ ri .ii n p lii ii ilia. ^ r Lj_>" J-l= <Aiiia JjJa p-i-ijj (T— * ) >ij JSAI Ij 

. I f\ ft I Vi I j r Ljl I <L-C j_uj O I u «_o 1 1 n 1 1 rr i-ii ill I JN 1T1 

J£jj , 1^1 aS^ Jrt.W ^ 3 jfl. ..I I ol. o ? -.Hj ,>L-«iJ fUll Jj<.7.-,ll ^j 
jj. jjiu ^Lill f L&j'j J^i d[ &>£**■ (* - J^" tr 1 ^' cjLg j"> » l£jj oLe.lj_»JI 
J^.I^+JI l_jlL^ cr Jlol J UJ.I JC LJI JJjj^ jUl.j.l^JIJtf^aLaJl 

«_uOj l* 1 -'^ <-"£*JI CiLj n%nll «_A^1I ijn.n'i JJ*i .^jlj-ajjl itj£JI jAlj ^^jLJl I 
j-kalio JJJJ V Ol -t ij ■oJjLoJI r L_jJL ^LII « in ■> aJLoj ^j (_JJjJ <L5jjJqj oljjaljl 

^1 tfjj, ^LJ\ aULlI ^itL, oUj%ll j-ijLj -jijil ^ SjjIUI <f>fiJI ^i JtJI 

j_»i>j J_o JiAti JjIj J^JI llftj .<-La til Sj^LuJI ^L>U C.I-1-a.jll ^_Jt1 ^J-*^ 
■ fatla I -u£. i _ ) ^jlJI I d ■- : -« -I < uu'ilL u-jLJJ « iAj <ujljj ,_!-> i L<^ .JjLllLi oLjj^Lil 
t ^_ > ^l JjsIjx. j^jjj .<jj^!lJI ^ U« i A ll ^jji J^« (_g j) i oil l 6.)l a"i n i^U viUjj L^jLcUjjI 

4_u9 1 jCvuaj Jj-J-a J>o 4 -t BJ-BJ ^-ij-L' *" « i i InS -JLU.1 * • Ajj e LM-H ^J-^ - ic-I^ *J^>* 

oVjLjJ.1 jfclj ■^"■■nL _ > J Q _L I j ^ l>^J 1 iSj^j j^iil o£*il j^aj Jlj jjJcj ,^l_ii<.Lkij 

.i I^JI 4^_>^ iujljj <ji«JLo ^jjLaj ^j jL^Vl >_ilc.i ^ji j^Vl r l^JJ 'i^oLijII 

< a l"i -. 1 1 r LjJI CiIa^uij Uj . A ll ^iaLlo jjj ->"il ,JVI .j^LaJl S aajlLb j"'jj -^JJJ 
j I i~i -» I !_« j I u Us aJj-o 4j^|il I ■< i a'i"i ^i c I_^j-u L^-o I .^ -."■ n I ^jS n i ,ti i-> ^j LJ. I J j.^ 

■ jAi 1 1 1 Lj i A« i L^la^U-j .nJjji I _p^aLlsJ *»l » i A jJ I 

ftt^Ji 5jl>> ljU-j^ ^ ^Mli-MJ .Ui,M\ Ja j>3 JLstj Aj^Jit- \ t-i 

dj_>aJi ^JXoj (jL^) ,_>'■ '"""' A l_>ij ( J j^) J^" £ 'ji iIaj aa i A ,jji 1 _^I°'-" difi^i 
J*t ^ Sjlill ala cin.i^'i.iil jil .^.m .7,11 £l>ll ^j JltJLl ^l>iJI ^ JjLJI ^ IjfJI 



- X.i - 






^jj I $l.*i"i ■ in ^1 Sjl^JI 4-j.aS I iAjIj «i jKUl oLclj-ill luulJL 6^Li>yi ji 

!A-i^»cILi i J i a fl *j 

■ a-^^II IJu ^ SjjLJI ^jliiJI LjjJJL <G5!vL.j .jJI ...<j_,Ij£j]Ij 

.rL_>ll iitLa-LI CiliLajVI fua ( ^i=wljil *- l_ > iU d ....'.I I t ii^lll d^'.a , . ^j , ; LuU 

Gl^lill tys.jli^l jttsuuU 2U«JJLi 2bjtf2l 3buk £*>• T-6- t 

wUi.i ^ <jj^jJI ^lj f LiJjl ^iiLlilj ^^J^ll rrUn.V •U-lo^JI Ljj^iJI ■ «!"■ ~" 

J ^i.t. | >j « ■ *VI j Jlu, ^uua, <_ulj_«jdl 4±&]| JiJj *lj_$JI i£j_». J^jj ■ it. ^ 

j] i_JU_ill ) SaJUJI J-L.JI ftL^I ^i £_lj-iiJ j^SVl j^_JI ^j^ >■_■-■ jjjjjl 

j_Uil> <J-=>->i .U.L.IJJ J ,£ IjjJI JiljJ ek^JI J>^.JJ ^La-uJ dJjj (ijjjjjl <_J1 n ,7j| 

^Ul ^jlj^Jl j^VL^LuaVI JJiU ijo^^ *kfll K^ j^ d^=>. <_,kl ,„ll 

oL»LJ.I J ■ A ft" i liAj , c U,| jLLj Jj-JL* * LiJjV <L^k*J.I SjkaJI oUkjJ 9 Lijjl Jt 
iul_ ) _ a jjl itiUI Jiwlj clj^JI <S_,-^J ^L^JI i.i£. ^i.nfl (j^jlj- .-^11 r- till A Lol 

(^jjS ix* .itUI ^ J5] f 1^1 Sjlj_a. i^jj jyji; i^a, 3LJ jjj^ < Lj->JjJa ^ 
.^jl^l jL^.VL ^oL-a.VI SjLj, ,^1 iuujjaiLI jjlL 4^j=J\ 

- Y.V- 
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- Y."\- 




JV^< 



~_>--J^ 




JUt*« 




1^. 







--j^^— OL-"-— 




*i^i as>* ,^Li ^1^1 as^i^ib ( v- 1 ) jii 



- x^ - 



"~vfAr.>i-r^.- : rr 



S^ 



■-- ^i-*- 



-* 






^#^3% 

,'^-'. ^=^ 

^^l1 






ol^ljill J*.) j »l34ll 2lS>». ,>2 J>U*il j»l*Jl JuS-iSII^G ( - 1 ) JS£ 











^Stal 



^L=n 



- : Cfe 



^J V- t<>J^ r : ^Jt -Aji 







r- 



c_ 



*^*>£^»-* >^1 ^ 



-U" 



•w 



-^ a-^ ' -j^- 



2bjfIH JSLi.jrlc ^IjuJl Jaxj-iJl^uij (Vt) J££ 



- r.A- 



£g£«v ^y^jf d^ujr^ j>&/r 

Jo4o^b3jl>flfcil JUilJl Y-0 

aoa-l^.MTiajjt^tJl^LLo^ T-0 

a^ i 2b>t>*J i VjGi i t-o 



- x\r - 



^LiLcJJ ^jfjaJI J$i-Jf§ J>aJf -0 

(£)!>!*}» Jt5jJYl 

j_>» f^J 1 -^ Ot i t i 'il l ^i J S'iTi Sjl_>aJI ,jl ol i t i 'i l I < * \\ ]n A>ic (-S i-Sj^JUo jjfc LaS 

Free or j^*^ ji ^ j^ .^u-uS ^Ji * , „i\ :J Convection j^aJi ,-^j maa - 
<_iiUJi U^^Uij .Forced Convection ^i,^ j^j Natural Convection 
ji Long Wave Radiation i^i j^ ^Ji <«_„..?; ji^ ^jji ^U-iVL ^j 
Uj^UIj -Short Wave Radiation La^ll j_. ..-. ij Thermal Radiation 
Conduction ^^iiiJL ji J^^JL ^ji>Ji JUsYJ ^ I^SS i •■_■•■.-■ ^ij siiiiii 
-Ventilation or Infiltration v>UJ iJi _,! d_.._..Li i l^iIL ^j <j^\j\ u^klij 

j l*aJ I Jj-o u-ltl •Cjlj-a. <-=>.jJ 0^* SjLo j^axu 1 | "i ij ^ylJI iiLkJI ^>_o fjj jj»j 

Qr = Ahr ( T S 1 - T s2 ) (1) 

Ts2 JjVl C l-,,..IL h_^ 1 1 L**jM Sji^ ^_,j ^ Ts1 

:iJUII <5>UIL JjAjj ^lA-iV^ Sj'^ 1 Jl^ 1 J-L»-» >* hr iua. 



te = 4£oT3 sm (2) 

- Y\o- 



(jUi) Current = 

i-JL 



R = 



R = 



KA 



K 



Potential Difference j^?JI j_>i 
Resistance iojlill 

(4) 

m 2 . ° C / W sjLJJ ijjij^Ji i-jUiL un ...ij 



ijjl^-jl < j I , o^l, I ^^Jc <j| -y'lll in nit r" jLk ^1 



Surface Thermal Conductance [h W/m 2 .°C] . v 

h^Tw 
LUSII <1jU1I ,-'■-'■■■•' jioj - <u L.~ 1 1 

Q c = h c A (T w -Tf) (5) 

itj-^j «JiUll Ljl^aJI LiLojilj <a£.j^I 5_,l_^=Jlj iiLil^JI Jlo (sljjk) ^LJi iajikll 
<L^\yj* JLa j-?.jjj ( >i-^ jl o^' 1 ) ■^> I -=J | jJ»*- < «_■ .-K? OVf) V w C^l 

h = 5.7 + 4.1 * V w V w <5 (6) 

^l o jjj £jljl» f^y <t>^« v^lS Ijjj (i/^) ^LjJ' <£._>** ^ V w ji iu^ 



- TW - 



lJJ.1 pU.nlL i->>Ajj jI>^uJI J-olS Ain-sll <JLk ^i \ = (^jlj^aJI iuJI JjU_o £ 

.Jlill 

< t ^jl_ > ^ll Jj*JI jl>* *IoAj .ill ^j LaJj pllJI jIjj. JiLk Sjlj^JI jLjjuj Jjla'ilj 

4-^.1 .no *-« ^u^jljjj < iIkiII <_^ujl -^ "ill jljil J}Li. Sjlj^JI JU-ijI Jj_*_a JjL I nlr 
< i i uil L Sjl_>aJI oLa.jJ ^ jj- i lJI *_oj Sjlj^aJI jLj^jj ftLajl *_o Ljj^x. jlil pUiiill 

Jl tf 1 : t.LLUJ 



dT 

Q a A — 

dx 
AT 

Q = kA — 

dx 




> X 



Q = 



(T1-T2) 
X/KA 



^j Jja^II jkii ) W/m°C .l^lj^^gjLJJijjl^liiL^jIi k -.j) o^ 

(\-o 

m 2 .^^l ^U..JI i^L^ A 

fj' O^^ 1 *HJW.I 6J-4 <jjlia O^ojj 



- YN*\- 



q = 



7T < T »-Ti) 

00 / 



q= 

q = 
q = 



(a) 



LpJLI ^lilJI Jjfll Jl LiUJ Ji.lJI jJo-JI > 



Ki 

— ( T 2 - T ei ) 



(b 



h ( T eo - T, ) (C) 

hi (T 2 -T ei ) (d) 

ji aaj (d) ^ (b) j'\ (c) ^ (a) <JjL«- tjLLu 



Thin film boundory 




h = 
hi = 

h = 



Ko 

5o 
_Kj_ 

5i 

K 
~6~ 



(^o) . i^LJJ iLpl i LjIj^JI <i*Lll 



j^jLiJI pI>»JI J* Jiu£ Sjl^aJI jl O^J L ^_,I_^=JI u'j^'j' oLiill <JLa. ^j 
jck-JI > <JiJLJLl Sjlj-aJI <_j_^ ^l_^ Ti ^jUJI jck^ ^1 T eo 4-" 
.yLi.lJI *1||JI Jl <J5llil Sjl^JI i^S ^jLuij ^IJI ck-Ji J] J^LJI ^jUJI 



- TU 



ho = 7.2 V w - 78 5<V W <_ 30 (7) 

ijjjjJLlJI «JfoL*ll j* hj j jKIJI jj-> L.JI ijjljjjl iL^l^ll _l — 0^*ij 

hj = 2.8 + 3.0 V w V w < 7 (8) 

:<JLJI oliiUJI ,> iJ^IJIj <^.jUJI <_,-.U..,ll iajlill v L-a. jl«uj 

R so = 1/(eh r + h ) (9) 

R s j = 1/(1.2eh r +hi) 

iajliaj <ia.jUJIj iLLLIJI d^fll <_ojlil tJj^JI f j~r " t£jl-— j -^La-H <^JI <-0jlIU 
Rt = Rso + Rj + R s j : tfl -l^UJI 

Total Thermal Resistance (R t ) (rr»2. °C/W) 5uiS^i5u^ > 3iJi2b.jLiH i-0 
U- value/Thermal Transmittance (W/mz . °C) <J£JI Ojl^aJI <JUnVlj 

JiLII 4>|JI jJI (Teo) -t^J.1 ^jLiJ" .1^1 ,> <liJkill Sjlj^JI U^ v l^J 
,>iiS3 <lj.jj 01 JiaoL - (k) <1 ijjl>JI U^lj (x) <IiUJ LiU. JiLL (T e j) U» ' I 

T ei Ji T 2 > JjSj Liui jl4«J ik^ij w>ui Uk^i ^ T 1( ^i T^j- <*^ 
obS ji^ j^jilL l^bu. Sjij^Ji jsi^j 8o • 6j L^lljj Thin Film tf »■■■:■ ^ilij 

L1LJJ ^UJI jb* Jl ( Wl ^UJI Jj^JI ) gSUI ,> 
- Y\A- 



u = 



Rt 



1 



^So + .•§ R i + ^Si 



(ID 



jj^Vi Sjlj-^ 4-*>jj (Tsl) ^-iJiUi jjlu-Vi Sjl^_^ <_^jj juj-i: o*-iJ 

<a.jjj JoxUI ^W ^^H *jl>* *?-J J <r^>^ 4~ij*ll J^I>=J1 (T so ) Se-jLUI 

a M l SjuiVl j^'G JUaISJU ^i JlJj< : JLlJloVjUil l >^ ? .jUJIplj4JI Sjl^ 

: j&\& iJU^JI Joilj^JI Jlo ( T eo ~ T ao 0' tfl ) 

Tsi = U{(Rso+ I Ri) Tei + Rsi Tao} 

Tso = U {(Rso Tei + ( I Ri + Rsi ) Tao} 



} 



(12) 



&U, ,> J^ o-ijll <-^_,U]l j^Lu,Vl J>Lk ^j!>JI JijJill J- 

\ I jil «il' ia.L^J "ff ^ • j^lf* ^" "J**' *tj*>^ -lailjaJI <-a.l"*-» 0' &>** ^'j 

^.jUJI >aJl Sjb* S^-jj j;u jjill jl i*p. Vf n ,>>«J.I ^ii-JI La.L-^j ^ 



U - value 4J&II «u ji>fcii <ufliirt 


1 


3Ui>— ** 


J>*u^ 


>u >QaII 


Jjjlt Sal* |W> V 1 - iiU»l 


^ T r / olj V,Q 


JaJl^LI 


iJjLc oU *« • *iU»l 


"a- V / 0, J V 


tjuLijI 


j.TA l^iyl^liUu^l 






o--|*/ ol J 


Lr- V / Olj t,? 


2L>l>jJI oL>cdJI 


0^ f r / Olj TjO 
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• U' (5 



l^l.LaaJLI 



K 



q =h (Teo-Ti) =(T 1 -T 2 ) T = h i ( T 2 - T ei ) 

— =(Teo -Ti), £ = (Ti-T 2 ),-^- = (T 2 -T ei ) 
ho * ni 

T co -T 1+ T,-T 2 + T 2 -T«= ± + £ +i 



: .".I 



J 1 tf' 



q = 



Teo - Tei 



1 



1 



q = 



hi + K + hj 

Teo - Tei 



Rt 



olj / o^ .Xf. JU l^la^ju j 1 ^ <*£" ^b*" <*jl*llf Rt ^ra^j 
1 " Xi 1 

Rt = — + X TT" + 1T 

Rt 1 Ki hj 

6J^. ^C <LlL J£l <jjl_^aJI oLojlill frjn^l ^jj^JI Ejn-%11 ^1 

n 

R t = R so + I Ri + Rsi (10) 

i=1 

iailj^JI C£j J-*_JI L^JJ J^J ^l <-a.jJ>U Iail>^JI ^ elj^JI 4-ojU-o jU Uk 

<d >«jjj jl ^ II 5 -KM LjIjjJI iJUliVL iS .<u,M 4-iKJI Ojl^l LojUil ^^Jl-j 

01 tf 1 .U >^JL 



- XT. - 



= 2297 W = 2.297 KW 



Reduction = 



,<LlJsjx1\ <U^jLiJI pUmVI J^c -UU iaLkJI _i >»>)l *S '■ ■■'■ ■ il — -l 

Q1 -Q2 



Q1 



x 100 



Heat Loss percent = 60.8 % 

<JtfnVlj (k) ojl^l jll-^i fj j^p (*-*-•) J] (1-N-o) fij JbLiVl 
LlW^iJI ol^^Ulj Jj>ll jac, Jj>il c.o.^llj j_>ll v-.^kU (U) <J£!I i.jl>JI 

■ <jfia n oLiLkli <Tini<->l,lj «Lc_>iJ.I 



- rrr - 



isJj*- J> aJJe J>» : ^jVl <JUJI 

Ql =A T (IAU) 

= A T ( A w U w + A c U c + A g U g ) 

= 21 (HOx 1.5 + 36x 1.5 + 14x4.3) 

= 5860 W = 5.86 KW 

J>JI JJUjIiJJLjI^JIiojUll (\) 



R w — 



Uw 



1 



K 

.03 



1.5 .026 

Uw, new = 0.55 W/m2. o C 



= 1.82 



J>JI jju , ii.,,11 Ojl^l CojUll (Y) 



1 .05 

Rc=-rr-+ -=-= 0.667 + 1.923 =2.54 



1.5 



.026 



U, „™ = 0.386 W/m2 . °c 



'c . new 



jlj^J Sjlj^JJ iijLxll SjUI UUI a*e J>«il ^jl^JI jiiJI Jj_^ v LoJ 

Q 2 = 21 (110* 0.55 + 36 * 0.386 + 14 * 2.5) 
= 21 (60.5+ 13.896 + 35) 



- rrr - 







*ts£/ 






I r*<» > Jai*t£ 



K-0 586 
1646 



■r 



U- 0.592 



{^i»/*;^?-> 



<"< 



(f^ir/*;^^*^ 




k "0.189 > 
U- 0.592 i 



4*flfi>- 



X 
^ 

X 



{ l*« o J o^v* 



k '0.586 
1.646 



f 



( V /\-0),*ijJS^ 



•*"■-•— -—v-i- 



u-i.se 



t-rn 



9 
□ 



r-" r -l«- 






«*«• 



3! 






K-1.2 9 
U-2.ST 




C*/l-tt>fi%dKft 



- YYo- 



i^>ji ijy.1 


loljXI iJu^jil 


ausJi 




Cp 


k 


P 








<j"-f- /"i'j 


r r /^s 










tU-J.'ji^j 0) 


AA- 


N . t - \ . T 


Y. . . - NT. . 


.-. . .. . --. .j ,_, l 


Aro 


> . 0*. 


\A- • 


lS j jJ ■_*!■-_) V_>^» 


N . . . 


■ to - . . ro 


\r. . - \ . . . 


£>ll ISUJI ,_._> 


Aro 


. "vo - . oo 


Y- - - - tAo - 


ty* - t»"** Vj^ 


At- 


■ .vr 


YrA- 


.Aw+I.**! 


At- 


• . %v 


YY"V 


iu»ji*l 


A- ■ 


. .rr 


S OY . 


J*j 


\ ■ A- 


• . tr 


\ Y. . 


v) „ - 


-\or 


• . ^ 


Tf. . 




\ - . . 


- . ^ -. \A 


\ o-to ■ 


1±*i.j iJl— > 


\ . . . 


■ . YVO 


A- - 


* a^ftV iJl-j^i. 


. 


• . > Y - . - <\ 


to - - re. 


0>J-JI 


Aro 


. . .r--. -rv 


r. - \o 


JJ-ll l > i_J > JI J-I^JI 


Aro 


• . • r 


Yo 


A»44l 6**a-*WI cU" 


Aro 


• . • YV 


r. 


fr^UMWetf* 1 


Aro 


• . • t 


\i- 


^>w»^j^ 


nt . 


. . -rA 


OY 


^Uj^^, 


AA- 


Y .1 


YA. . 


i»<*j 


■\ . . 


r . o 


YA- • 


e**t* 


Aro 


• . Vo 


Y\ . . 


»j\^i*o 


T . . . 


• . N"V -. . \ \ 


vo - - ro . 


.. . a» 


■ - 


"\ ■ - to 


VV. - - VY. . 


>-.i.^» / J-..1* 


A\o 


YY> 




YVt- 


i-j-^^ji 






- YTi - 



(xU^'J-**- 5 j ^'^> j <^ ej 










*3>'«**A -i 



7T 



TT 



*.L»*^/ji-Jii •. 



jtyS^Jli&Hfjt&j 



r lVi V'k / X 



4T, 4 



■ J 






J T J0 - A fa 



100 s 



iL 






aj,t>*Jl2L>.^1 Jl£uljLii$j,*«j (Y-0) J££ 
c&!>*Jl Ji*J (j lSjIjaI I ^LJll J.U.J .^UJJl L^isLLII ^A*-* J. Lu £• 
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Thermo - Physical Factors ^Luu-daNaj^saiG^UUXi 0-0 

Thermal Decrement Factor : [X ; %] ^l^Jl ^toll j^u* (1) 

d>" >* tfjL^" (**ll ) lUiljIlj SH?.jUJI rJ^SU tfjIjaJI ^.ill j^, Cu-ill ^ 

X = A T sj / A T so (13) 

Coefficient of Thermal Damping (Ds; %) ^jlj-^JI jiill J*l_^ ( v ) 

Sjija. oUjj ^ ( v ^ui) j>ii ^^^ -uaujj ^i^ji jui j^u- v i_^ ^ 
y»ui jj^vi Sji^ uLjj ^ (wa*ai) j>ji vJijSj jl^jli l^uii jj^vi 

D s =( ( ATso - ATsi)/ ATso)* 100 (14) 

.LiUI tfJ l>JI JjLJI o^^; jJj . J.U1I I j* U oJj US <Gi Ji^iL, 

Time Lag: (()) ; hours) ^y ^jh _ /^ 

^I^JI UjUWy ^Ull oij^ll > J3 ^k*JI 0LL4UJ ^1 j^l ^ 
LSL^il ,>jJI UlaJtfl V U^ j^y - (X- 0) flj J-LiJL c^ ^ US UUrfl 

(!) =0.5y/24tc / n (15) 

=u8 + -|n.*t c " ;...; (16) 

- XXI - 



./ Xo ^i\y^ ^j 1 ,^' "UUEuVI 4^*5 
: iJUl <JjL»IL iiiUI j-o jlj^Jl iJL^VI i,_,l_>*JI <JUliVI ,_,...v;j 

U = I AU / I A (18) 

= 1*1 

U = ( A W U W + A g U g )/(A w + A g ) (19) 



(o^ .X^) / olj . Jil^lll j-« jljaJJ <jjl_>aJI <Jlil.VI U 
Ya , 4ja.LV>! I 4$a.LJI iaL^o Ag 

Yjk .Qn./itl jljaJI ia.L« A w 

(o^ .x*.) / oij .c— JJ ji-iaJl <ej'>aJi <JUiiVi U w 

(o^.^) /dj. SJiLUJijjI^liJliUVI U g 

<-!■>_» (^'j oljjSJI ^ 6Jn"i» U <L»jl_>aJI «_JliIjVI ajj r »'Aa? (^ _ °) ^J Jj'?* 1 

.Ql .tilt I a i n i <Vi ^jc I^jLI^o 

•UjLsJLI j.j{ a o i_>"*^ Liiill jl Sj -^ •> II <_>_>I_>j»JI <_JLjUjVI <■'« ■.■! ■■• ^ ,>L<uj 

: ^jiLLJI 



Ue = 



A w U w + A g U g + A f Uf + A c U c + 



l w 



+ Ao 



(20) 



+ Af +A C + 

J\ ob-Lil »a>, ^t. l\L-:\\ ijl^l ^T cjLJ. ij^LjJI ii^UJI i*L-* jSL, 



- X1\ - 



Thermal Time Constant: (t c ; hours) ^jl^Jl ,>jJI culi (j) 

ijl>Jlj <iti£ll ^ (k) p.*. nil jIaJI SjLJ. iijIjaJI ijL^il J.-.-a £_,U. 

Thermal Diffusivity ^ji^Ji ojUhvl ^^^ ( p , Cp ) SjI JJ I ^yll 

,_5l .jlAaJI Ja.lj 6jl_>aJI jlitiV.I <£._>^u Jla^ ^aj 

a = k/pC p (m 2 /s) 

V L^. ^aj ( oUJJI SjjjlLo) 4^1.1 LiljaJI ^i Sjl^aJI jLilil 4^, JjjaUj 

: SJUI «ljl*LI > ^SJ.\ J±J} ^l^l ^i ^Q 



tc= R so m I (p CpL) j + m Z(JL) "KpCpL). 

I- 1 |-1 K j=1 I 

-0.5 ^(-^ ( P C P L). (17) 

: iljUil j^l- bj ijjitl jljaJI <JL». ^jj 

tc= (Rso +kL/2)(Lp C p ) 

^jll aiiill ji&j V L^ ^i J-^jij ,>j|| olx^j 4] ^jl^JI 0—3" «=uGj 

.i^L^yi j^aUxU 

Uw la^*} »j Iiat^Ul 2LUOI 2U>|>*1 1 2Ldt£uYl "V- 

Total Thermal Transmittance for Windows and Walls:(U - W/m 2 . °C) 

jljo^JI <^».L-^ ^ !_£_, j I j -, , , , „ ., V 4_lx^, <j^.Lv>)I oLj-^ljllj jjl^JI J<.t,- 
gU Sj^Vl 4J,Vl ^ij jl^JI <^L^, > /X. Jl^ J] J^; jj LiUJ i^jLkll 
olj jUII x*) ^j fj^jNl SjLo > jLLI olj ^U-jJI oL^^I^JI >l tx.i ... I 
*> t^J 3 t^- 1 * - J""] ^'J • iil > JJ ^j 1 ^' V 1 ^^ 1 ul ■*■.'->.' -SJ^ <fj">^ <L-.I>« 



- TYA- 



U = h ( h / (hi + h ) (22) 

■ ftJuUI ^...n.r.H ...m.^II JaL^ F 

F =t +a U/h = 0.87 (23) 

q gt = (SC)(SHGF) t + U g ( T ao , t - T ai , t ) 

huSJtl ^aJa-Mifl ^n'-^'-^' J»'«- a .^.M.o.t.ll JJh'JI J»U. SC :0*l iaa. 

.("\-0) fi_> JjiaJI _>liil << jM.m7.ll 

SC = 1.15 * F (24) 

S^lill ,> J£J(£-o .r-o) f l J Jj±+j&,'\ .SlilUJ ^jlj^JI .-.L-iSVI SHGF 

QJU.nfttl »ljfil 3>j>». **.>») .Ixjsat (j!+d&3\ s*3\ 5>|>». 3L».ja V-0 

Outdoor Environmental Temperature (Sol-Air temperature; Teo or 
T,oi) 

V^fc ^..-.i ■ ii.- Vlj lailj^JJ i^a-jUJI jlj^?JI jit <_■■..«.»! I <«_iVl Ui...', 

LaJijI »i* PjJjJ -i^jljJ-l J-—*'.^^ iLiJL; ^SLjJI gn ..i "i j Lfr^AjU t _)>&U) Lfi* 

j^i\j c-^ »^l>i-l <upj3 yjL— i-j .JaJLxJJ ^yrjLi-l jJa-J! «jl_^- i*-ji fj^i i-aJL*il 

*>>, ^—J Jwttl « IjfJJ LgxkJI Ljl/I i-jlillj gL-Sfl j^J 4,„,.,7,)l U&l 

l— ^j L4-LJ j^w "* i— J»I>JI i->,j ^j T eo Ja-^I' ^jljLI . I_^JI "»jl^> 
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: ^*tf i^JJ J^IJI . |^J| 

q g<t = FI, + U g (T ao>l - T^) (21) 



•^Ua*V4) OuUJI 


Obiijtt 


ulL.3! 

«->>*i' 




A— UI 


-L'l>i-I £. ijj-si* .'l,,!,,,;.!! 


• ,V- .H 


- \A 


. ,rr 


\xS 


M»jVi *>L-. ^ /\o. r/i 


• T 


• T. 


• .t-- r 


JyUI 


L>,Vl i»l— . ,>. /\0. Tj\ 


»M— rr 


.n-. rr 


.ro-. .r 


IjuJJ 


J&l^dli»L-^/Ae 


• . V • 


• . i- ■ 




LJ^I 


i,>jLil -L"l>l £. J^j^w oL;LiJI 


.r.-. rr 


• .rr 


• V 


em* 


V 


• .r.. 


• .T. 


• .£8 


i^-ji 


uft/MiAMWUk^c^M 


■ .v 


• .V 


• r. 


UM" 


i^jLjil . i-i/ill i>L-* ^ /Ao 


• ."\o 


-,rA 


■ V 


W 




- 


• t- 


> . • • 


c-jSJl 


-tali.-.. rtll.jajJJ 




\ . . 


VA 


toVi 



3LLUI J^Li. ^_^| J] Uial* > joJiHj Joii hftJ.ffrS flijtf I 6iA I 20ajJfcU 

.4*l«j Sjli J$ I ( j n_l_|g"l jlxjj Lfxaii J^LJI ,_j<k»j _i d.-U",1l 

iaisjiajji^iaLjizovi^aijji^ (r-o),»Sj jja*. 

( "yrff / Q\j ) -Aill** j!>LJ ( 4j o^-H y^iSri a»Jl) 



xr. - 



Ut-30.1 Day- 21.0 Month 
Sun»i*e-5.03 Color ■ .052 



6 Dec-23.4 Alt- 40.0 Slop- 90.0 Row- .2 



Tine Edn 



■m 



SE 



SW 



NW 



HD 



Hd 



HOR 



6 391.8 


148.0 


330.5 338. J 


168.4 33.4 


33.4 


33.4 


33 


4 


78. 


3 


52.5 130. 


a 


7 657.5 


193.3 


506.7 562.8 


328.9 67.6 


67.6 


67.6 


67. 


6 


266. 


4 


88.1 3S4. 


b 


8 772.8 


166.8 


513. J 613.9 


408. 1 92.0 


92.0 


92.0 


92 





461. 





103.6 564. 


5 


9 832.1 


1.23.8 


444. ( 569.5 


4:5.8 U0.7 


110.7 


110.7 


110 


,7 


633 





111.5 744 


S 


10 844.4 


124.2 


334.1 4&1.3 


390.9 164.4 


124.2 


124.2 


124 


.2 


766 


7 


115.8 882 


b 


11 880.9 


132.5 


205. 310.3 


311.5 207.9 


132.5 


132.5 


132 


.5 


851 


1 


118.0 969 


1 


12 886.0 


135.3 


135.3 135.3 


197.3 223.0 


197.3 


135.3 


13S 


.3 


879 


.9 


118.7 998 


; 


13 880.9 


132-5 


13J.5 132.5 


132.5 207.9 


311.5 


310.3 


205 


.0 


851 


,1 


118.0 969 


l 


14 864.4 


124.2 


124.2 124.2 


124.2 164.4 


390.9 


461.3 


334 


.2 


766 


,7 


115.8 882 


5 


15 832.1 


123.8 


110.7 110.7 


110.7 110.7 


425.8 


569.5 


444 


.4 


633 


.0 


111.5 744 


.= 


16 772.8 


166.8 


92.0 92.0 


92.0 92.0 


408.1 


613.9 


513 


.9 


461 


.0 


103.6 S64 




17 657.5 


193.3 


67.6 67. 6 


67.6 67.6 


328.9 


S62.8 


506 


.7 


266 


,4 


88.1 354 




IS 391.6 


148.0 


33.4 33.4 


33.4 33.4 


168.4 


338.9 


330 


,S 


78 


.3 


S2.S 130 


.8 



Avg N- 
Avg S- 


93.8 AvjHE- 148,5 Avg E» 174.1 Avo. SE- 136.8 
154.4 AvjSW" 1J6. 8 Aw? W- 174.1 AvtjHH- 148.5 




Outdoor Envlronm«nUl Tenptcatuure CAIRO-JUNE 


Time To 


Tn Ttte Te Tse Ts Tsv Tw Tnw 


HOR 



1 


20.3 


20.3 


10.3 


20.3 


20.3 


20.3 


20.3 


20.3 


20.3 


16.4 


2 


22.2 


22.2 


22.2 


22.2 


22.2 


22.2 


22.2 


22.2 


22.2 


18.3 


3 


21.7 


21.7 


21.7 


21.7 


21.7 


21.7 


21.7 


21.7 


21.7 


17. a 


4 


21.2 


21.2 


21.2 


21.2 


21.2 


21.2 


21.2 


21.2 


21.2 


17.3 


5 


20.8 


20.8 


10.8 


20.1 


20.1 


20.8 


20.8 


20.8 


20.8 


16.9 


6 


21.8 


30.9 


42.0 


42.5 


32.1 


23.8 


23.8 


23.8 


23.8 


22.0 


7 


23.0 


34.8 


54.0 


57.4 


43.1 


27.1 


27.1 


27.1 


27.1 


33. C 


8 


24.5 


34.7 


55.9 


62.1 


49.5 


30.1 


30.1 


30.1 


30.1 


44.6 


9 


26.4 


34.0 


51.6 


61.2 


52.5 


33.2 


33.2 


33.2 


33.2 


55.4 


10 


28.3 


35-9 


48.7 


56.5 


52.2 


38.4 


3S.9 


3S.9 


35.9 


64.3 


11 


30.2 


38.3 


(2.7 


49.2 


49.3 


42.9 


38.3 


38.3 


38.3 


70.6 


12 


31.4 


39.7 


J9.7 


39.7 


43.5 


45.0 


43.5 


39.7 


39.7 


73.3 


13 


32.2 


40.3 


<0.3 


40.3 


40.3 


44.9 


51.3 


51.2 


44.7 


72.6 


14 


33.5 


41.1 


41.1 


41.1 


41.1 


43.6 


57.4 


61.7 


53.9 


69.5 


15 


34.0 


41.6 


40.8 


40.8 


40.8 


40.8 


60.1 


68.8 


61.2 


63.0 


16 


33.7 


43.9 


J9.3 


39.3 


39.3 


39.3 


58.7 


71.3 


65.1 


S3. a 


17 


33.3 


45.1 


37.4 


37.4 


37.4 


37.4 


53.4 


67.7 


64.3 


43.3 


15 


31.6 


40.7 


13.6 


33.6 


33.6 


33.6 


41.9 


52.3 


51.8 


31.8 


19 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


30.0 


26.1 


20 


28.4 


28.4 


28.4 


28.4 


28.4 


28.4 


28.4 


28.4 


28.4 


24.5 


21 


27.0 


27.0 


27.0 


27.0 


27.0 


27.0 


27.0 


27.0 


27.0 


23.1 


22 


26.7 


26.7 


26.7 


26.7 


26.7 


26.7 


26.7 


26.7 


26.7 


22.8 


1.1 


24.5 


24.5 


24.5 


24.5 


24.5 


24.5 


24. S 


24.5 


24.5 


20.6 


24 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


23.7 


19.8 


H*a 


n 27.1 


32.0 


34.8 


36.2 


34.2 


31.1 


34.2 


36.2 


35.7 


38.4 



-xrr- 



Teo,« = T ao , t + a R so I t - AR 



(25) 



_>kil ,(Y r / olj) ^jUI jvU-JI ^Jt <ULJI ijai will <iLUI Sai ti 

.ri^jtj^it-o)^^ *r. o^je. i»iJ (r-o) fij j^i 

♦( C4»/ If .*f ) ^jLyi j'^li <^k~JI ijjI^JI iejlill R SO 

.(O-O) fijJjSa. ^I .Ja^UJJ jj.rtl.rt'mVI J*Luo (X 

tjyUutia^l %tj.4jL&Yl Jju j>ll AR 

<ia.jUJI , ti.i.VI <1U. ^ V , \ .Joil^JI <JU. ^ jiu* = 

.^Lm < c*& ^ Jfell ^Jii\ , \mU s jt > <+jj T ao , t 

• . .oY .i^iUJI gk^&U . ,.n f -OJU( a R so ) Jc o^iy-H &~s 
Sjlj^JI <_j_a£ ^ui^ ^jLju ^l ^jIj^JI Jixill <JjL«_o iiLlS ji<uj L^UJI ^L^SU 

: ,jjVIS lni-\ I I ^aJI SjljJi. <La.jJ jl jjnui.ull elj^JI 5j'_>^ <^-jJ -I i~".- l ■ <ii^lll 

Q, = Ah (T eo ,, - T^t) 

Jlkllj Jaaall ^jUJI *l>*]l Sjl^. oU-jJ ^2 ^k*; (t-e «Y-o) Jjla^JI 
&1 *YS ,'r. ^jc ■ki.^JSJ iiiiVljii^i^l jck^VI Jb <j... n .t.ll <juiVl Sj-ij 

- YfY- 



Mean Radiant Temperature 2uL>!d}i2U£U£yi3ji^i;^jl^UA-o 
I AiTi 



MRT (T r ) = 



I Ai 



,_^ . <kpj.i ^l^!>u ijtijuiyi 5ji_>iJi <^jj i»«,jio i j --' MRT ji T r 



Lat-24.0 Day- 21.0 Month - 6 Dec-23.4 Alt-193.0 Slop- 90 Row- 2 
SunRise-5.26 Color - .052 

«■»•— ■ WE E SE S SK « iw""H0""Hd""H0R 

6 315.0 123.2 268.4 271.5 130.7 25.9 25.9 25.9 ZsTg'soTg'ilz""!! 

1 ™i Ji!" 508 - 7 547 " 2 302 ' 9 64 - 4 < 4 ' 4 "•« «•« 2 <2.7 ".9 3286 

8 -70.6 206.8 540.8 611.1 376.6 90.7 90.7 »0.7 90.7 447.5 103.3 550 8 

9 834.2 181.5 486.0 570.5 385.6 110.5 110.5 110.5 110.S 629.4 111.6 741 2 
U SSI \\H Hll 28*2 I'll 1U " lUi 1Ui 124! 770 - 6 H6.3 886.9 

222*2 Ml Ml 3l2 - 2 "••° 133 - 6 l33 - 6 l33 - 6 '»•« >*»•» ■■■•« «i.i 

mS'2 82* ! l "- 5 136 - 5 Ul ' 4 l * 2 '* ln - 4 136 " 5 »«- s •»<>■« H9.31009.7 
,3 885.2 136.3 133.6 133.6 133.6 133.6 258.0 312.2 251.8 859.9 118 6 978 5 

\i Hll !?"2 124 -" 12< - 8 124 ' 8 124 " 8 342 -' 463 - 3 "5.5 770.6 1 . II' 9 

5 lli'l J2H l i°- s 110 -» 110 - 5 110 - 5 385 -< 570 - 5 < 86 -° «»■< ins 74" ! 

6 770.6 206.8 90.7 90.7 90.7 90.7 376.6 611.1 540.8 447.5 103.3 550 
17 640.9 210.0 64.4 64.4 64.4 64.4 302.9 547.2 508 7 242 7 U f Ul « 

--"?;ii?!:!.Ji:! "•' 25 - 9 "■» 130 - 7 271 - 5 258 - 4 »•« "'■' I!:! 

Avg K- 106.0 Avg NE- 153.8 Avg E- 169.7 Avg SE- 122~o"~ 
Avg S- 121.9 Avg SW- 122.0 Avg H» 169.7 Avg NW- 153.8 

Outdoor Environmental Tempera tuure ASWAN-JUNE 

I*"f__3° I"_._.I"!_ Te Tse Ts Tsu ** Tnw HOR " 

1 27.7 27.7 27.7 27.7 27.7 27.7 "l~""rJ'.l 27?7 uT" 

2 27.6 27.6 27.6 27.6 27.6 27.6 27.6 27.6 27 6 237 

3 .7 26.7 26.7 26.7 26.7 26.7 26.7 26. 6 7 HI 

4 25. 25.6 25.6 25.6 25.6 25.6 25.6 25.6 25 6 21 7 

I Mi «? 2 A« Ui 245 " 5 24 - 5 24 - 5 MS 0- 

6 26.6 34.1 43.0 43.2 34.6 28.2 28.2 28.2 28.2 25 3 

7 . 41.6 59.9 62.3 47.3 32.7 32.7 32.7 32 7 J75 

I ' 4 " ill !?- 5 *l l 3 «-« 36 - 6 36 - 6 36 - 6 SI 

9 32.3 43.4 62.0 67.2 55.9 39.1 39.1 39 1 39 1 61 1 

u » * «•? 2f-2 22\ 7 "•" 400 40 -° 4 ° : ° * 00 "■* 

11 37.2 45.5 53.2 56.3 53.0 45.4 45.4 45 4 45 4 7 g 

l! III Hi Hi Hi "•« 46 - 7 46 - 6 «•' S:3 2:" 

3 38.9 47.2 47.1 47.1 47.1 47.1 54.7 58.0 54 9 79 7 
14 40.1 49.6 47.7 47.7 47.7 47.7 61.1 68 4 «"' 76 3 

» *ll III «2 VA *T« 47 - 6 64 - 4 " :7 " s ".' 

7 J n ? »"2 6 ° 46 ° 4S0 4fi ° * 3S "■» "•« 59.9 

R S'2 2? - 2 «i 44 -- 441 44 - L 58 - 7 73 - 7 ? i- 3 «■» 
9 7' • 8*2 Si'! Ji- 5 £■' 47 -» 56 - 5 "3 38.6 

it \i* I** 31 < 37.4 37.4 37.4 37.4 37.4 37.4 33 5 

a! Ill III Hi Hi II* 35C 35 -° 35 -° » : « » ' 

21 33.6 33.6 33.6 33.6 33.6 33.6 33 6 33 6 13 K 5« 1 
" 32,2 32.2 32.2 32.2 32.2 32.2 ' U't 8 

21 Hi Hi Hi 30 - 8 30 - 8 30 - 8 30 - 8 «• « 
!!..";!...":! .!: 3 ° 30 ° 30 ° 30 ° 30 ° 3 °° 26. 1 

H.an_33.2 38.8 41.2 42.1 39.6 jJIiTirj «i^ 41.4 «T" 






- xr - 



- m - 



Indoor Environmental Temperature 

J<-.j JiJjJI cl_)fJI 4jl>a. <^«-jJj <-LtX*JWi\ Sjl^sJI 4-=>-jJ _>j5fc <!.. -»-> n ^j 

T ej = 0.667 T r + 0.333 T ai (26) 

iL^jjdl | VZ..bHj iajl^xU jji>*J I v 1 -^"* ' * • " ° 

Heat Gain For Walls & Roofs 

: yisJi <JjI*il (t) ,>j mc 

qwi = Uw (TETD)t (27) 

^i^Ji^imi j-Uco^^Jij ^j <iiiiii Sjij^Ji i^-jj TETD 

(TETD), = (T eo -T ai ) + A. (Teo.t.^ -T eo ) (28) 

: ^f £*»*. 

(O") Ja^i' ^J 1 ^ 1 >?J' SjL)*" ^J^^JfJ 1 Ja— jlll T eo 
(<La-ij^ »jl>3» ^?-J J _>" ^ = Lf^oljiil J^-oj) ^J&UI elj+ll ftjl>»> ia.jJ T a j 

.(V - o) aij J^itill jliil ti aa. ..II j'l jlaaJl u^^ ijliSlI (() 

(1-0) j»ij JfLi _ > ki1 I J>t=JI J^ IfjLu^. jfLu jljaJJ (^jl^l ^^aSLioJI Jj»Iju> A, 
.t- $ ^jll ait .LaJI ^jUJI ^aJI Sjlja. <a.jj T eo ,. ^ 

- xrv- 





•* i - ■ 






WWMMII J^WM 






*A - 


Ao 


^A*. jJ. 3j~\ 




V- - 


• 


j^UI >Uol « L; _^>t> j\ ^j^y 




A- - 


TO 


jjJJI j»»\ yj> jl « L; _,**> 




• - 


r- 


jjlll Ua^mjlA «_LJ j] ^jjh 




o • - 


r. 


iS^jji j' J>U! jo'lJ r ^JjII 




. ~\0 - 


i- 


C^*- 4 y^y *X>* j' iv*--*^' j' ^l^ 




o - - 


T- 


C— -^^L-^J 


• L- - • \- 


t-v r ^JI 



SUu^ll^^^rSklWI^LallVlJjU* (0-0) Jj^Lv 



^-Ja,U J— JB3 


gl»jN £}_J 


JltSJfaVihM 




"M!l 


u SC 


u SC 


u sc 


t . v • . r a 
r u . . n 

y o - . . rr 
r rv . . n 


t "\ 

r.\r . to 
y o . . rv 

Y YV -it 


6 \\ \ ■ \ 

r.n . aa 

Y 0A . OA 

Y 0. . A. 





(U)3bjl > siJl2U«.) > ll i (SC) Jul^Ill J«Um (V0) J> 

- tri - 



lr. 




•"* - 



«£iU« 



t^yUj ^i j J>c u&j J>c jjoj iLliilb ■ ^a...,V) 



- m - 
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Rt = + Ri + R2 + R3 + R4 + R5+ Ri 

D nnizn: 02 ■ ' 25 L 3 0.125 0.02 n ^ nn 

R, = 0.055 + _ + _ + _ + _ + _ + 0.123 

= 0.055+ .02 +0.208 + i±+ 0.208 + .02 +0.123 

K 3 

L 

= 0.6334 + -^- (olj/^-V* 

: ji Oa-li U V ^1L. ^j R, = 2 Jl i^j 

L = 1.366 * K (ji.) 

^u. I . r = f . .£x = . . .r\ x \.ru ■ j<.t.ii j : x "- : ' j ; ''oi s^i 

(i..) o>li^i 

• *"■ ua j * j \9 



\r.r = {. . \rr = . . .\. x \,r-v"v : 



v\ =*.,-^ = .,.i« X V.rw : 



t> f-** V • «o j' iI j ■■■!! Jh. NX.V g^ilgj j > j > j '. ■■■ j l>JI ^> j^u 1 V ji ^i 

.iil^ljl <Jjl>JI 1>J>^JI lJ -ii jiaJU ^Ij .oJ£>o_>iill 



Mean Internal Environmental Temperature; (Tei) 

Ja—>Ill i^jJx^u t a+al I UaJJI >aJI 6 _>'>». <^-jjJ (j-JjJ' Jo— >lll .^-^ 0^ 

JlkJLI ^jLJI e l>fll Sjlj^. i^jjj .kuall ^jUJI j_oJI ijj^ i^jj ^^1 

4-j-ajl » n i j i^ajjd.1 i^_a.ljjl Jj d ~. . . ^> I I p!^a.Vl ta> l ■ ■■ TJ <L*_aJjJ] jiljiJI 2 -> I . 

- X£\ - 



I d "ii l - A j oa-i ,^111 ^£11 iiLLllI sjs^I .^yj Sjlj^JJ iljbJI SjUI j' ■~~' jit 
LiJa J^LJ] <J£J| ijjl^l iJULUMJ ^1 L^iJI jiaJ ^Ij Sjlj^JI jL>- JJZ1 
jjuj .lajlxtl (^jLJI ^jIjjJI J>»il JL*x.l jjL "> _i jjjj Jaj^il i.j-^ll oljjiil 
- <l3L*JI SjUI w^jJj ^Lv^'i.-V ojl.^-.SVI U&1\ oUi jl*j <_iUJlll cajju 
-,JjVl Jm Ijx— ^^a^jl jUj {jj="'\ SjLo ^ _>j£i ilUi <JjLc. SjU ^I.)->"h.iI jS^ii 



* 





^ 


* A 1 * 




r 


| Y 






I 


\ 






N 




9 

! 


T«e 




! 


35 °C 




5 1 
















1 «« 


^ ^ 




r 


r 



f* I '■ ' «t L-V J I *^- <i » 1 1 «... | «l.. , ./l, J \ 



r* 



\r,o 



T.i 



^ 



NX,o 



<JjL SjL - V 



i^ X <Liia.lj 4 I'l'in i mI i^U — 



: ^SIS ^jl^JI i^ljSVI 5JU ^ ^jl^l JiuSlI V L^ iJjbu. 

Q = U A (A T) ( olj ) 

U 1 ^-> ♦ (• ■ r f / Olj -jO,/ ixij-. iijlj*. J>jjs> 

Rt = -— ( ciij i V- r r ^ 

I^jc^-j io> J^ ^ij: J$J oUjUll v L-*w J»;IJ. -USUI Mjllll v^-* J~j 



- Yfc. - 



^jU Laic .O^l li| It itij Vj iitlxi-a 6cLual .JJ.AJ Sj^aJI .VjO X X,— > 'i a l'.ll d^ l .,.., . 



rJ_*U 



n = 0.49 + 0.09 * 3 = 0.49 + 0.27 = 0.76 fr* 
a = -^- nV= -y-* 0.76 x (4*5*3) = 15.2 W/°C 
A g = 2x3.5 = 7m* , U g =5.91 , SC = 1.01 
A w = 12-7= 5m 2 , U w = 2.5 W/m2.°C 
(SHGF) S = 154.4 , T ao =27.1 , T es = 31.1 

Q, = Q c + Q s = + 7 (1.01) ( 154.4 ) = 1091.6 W 

- 109.6 + (7* 5.91 + 15.2) x 27.1 + (5* 2.5) 31.1 
T ej = 



3013.4 
69.07 



(7*5.91 + 15.2) + (5* 2.5) 
T ei = 43.6 °C 

* * * t 

4±A>u j-fA>" ^j^^j ^jjj- 1 ^ !>•■ Sj'^^u <JjLxJi jI>il ^Lii jjj^p j ;"«* 

jLII aI jaImi ! Jj> iJj^jj .ctLi <l«jlJlj I L ,,-, jj_>jIII ol ■ | — _i ^< l j-,.,.1 1 iaILII 
^iL-U <^?.jUJI i^LiiVl _,^L*JI J^Li. Sjlj^Jl JLiiil JjLi; ^i Sjl^^^jJ <r,l»JI 

£ LiV Ij JaxJ I SeUS l _ r L SjxiLjj 6j>-aJ jSjj Lao , ^-nrt j £J_>-a ^^Li-'j £lla <y«\j 
^jllj jiili jl .k^JL S*^ olilji jl oUL« Jc LikiaJ ^Jl j^l <Ji ^ 

- xir - 



: <JUI <iiUII > ijy.UII Oj+Jlj SUmJII *lja»Vlj Jiljiil <J£II Ljljail UGEtfl 



T ei = 



Q, +( I A g Ug + Cv) T ao + I A w U w T 



CO 



(EAgUg + Cv) +1 A W U V 



.-.i 



Q, = Q s + Q c + 



JSU euL^Jl v L-£Vl Qi 
iiljill j* (^jl^l V L-£VI Q s 

(30) 



Q s = A g (SC) (SHGF) 

<j-a UtjJdAj ^jSnjj <iiLi.j J I nl"u nY I O I J^*J v tuVil I i'j-fr^. I J i i i Ti"ia IfJ I -«"■■ ■• I a jlij 

: <JUI <i>LJ! 

(q CL *t 1 ) + (q cp *t 2 ) + 



Qc = 



24 



(31) 



;,i 



(olj) .<^L^JI S^L^VI ,> ^jUJI h->IM v Lu^VI q cL 
(oij) .jI>Vi o* ^jWI i>*» v 1 -^^ 1 QcL 

<<jj.linJI S^L^VI JUt'i..,V Lilo^JI Sjlillj ,^11 JLi-iV <-*i*>ll Sj^iJI t| , t2 

(leL) 

Sj^aJ ln_i ■> II ^i&UI j^JI 5jl_>a. <-s».jJ j-"^' Ja— >lll ._i.n-kl : ^ii iU"i Jlla 

J^o_i JiLk 4-u>i=JI <-4-^.l>ll oij ^ l J JaJI -JJ » "» ■» er^-* ^ dJLU! JaLkJL ._.^> 

- TIT- 
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LLJo LI iljbJI Jjll ■ L*mm j£*ej SjUI f^a. > j5£] ji /Vo JUa. l^> JSA. 

■ ^ M.^KI I I t: <J\ ji JLJI l ([K-.- ji <IjUJI jUll Lvila ,_j.m^ j'\ oU.I>II .-uSpJ 

tSjljftU2JjU}l^lJau 



iiUI Jj^oi LjJL^tf ^r^M ^'j J>- aJI ^j-^Ij **>WjN iJt/ftf Uo*»-) 

.iiJi iJUl JI JjjJI jl j^J\ ji> 3* 
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L^i. oli *j_ys.}\ JLUI *— JU ^^i«Jj -iiLio L"^> ol j ilj-oj i>_jju-« L^ oli 
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9 - M.S. Sodha et al, "Solar Passive Buildings", Science & Design, 
Pergamon Press, Vol. 2, (1986). 

10- BS 5925, Code of Practice, "Design of Buildings: Ventilation 
Principles and Designing for Natural Vrntilation, (1980). 

j^^ ^LJJ tfjl.^11 J>Jl jI>- JJj - N N 

.(m^.L^&uij 
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^Ltlt jJ'^aJI fij<mlH 



*JU>. ^3-a fr » aV 2UJMJ1 tLUtallt 


*-n 


2tfUal< JSu>i(<j4in1 


v-n 


^^^AfauJt 


r-n 


SUulaJlIaJI^KK 


t-i 


^liklllajbftll 


0-"\ 


^SLJ» 


VI 


o^-i^i jajd^U-JIb^tfUJi,***. 


V-1 


fegfttlfgffejStt^*! 


A-"\ 


sLi^iJi^yBi^SjtiJi 


W 
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^LftU Ji^all ^jomlK -1 

i_Q I ,-JJ I O I j ti *> 1 1 J ■ * In J I «Ji jt_o j I 1 "i -t L ii n _S O L-Uj UMI /> i ft ■ <*» il I I J-u 

'^jLa jJj- jLiii.1 -N 

p LAji All iljUJI jljil oL«S ■ ■! ■ ■! -fc J^-aJ ,jJ^ pL-a j i A l l ^Ijj-o r t i nn J^& — T 

.^^-Jl J>JJ ^^-Hl cLiiVI jljii.1 -i 

lya A -."illll e Lwaj ■ Al I p Ij^u n 1 I JAI j pL^aj ■ All _i .>*\-»."ill < i j i^ 4-ujIjJ —0 
<\ .t.Lill jl j-^ILj Sj^a.^1 pLAjh-AJ' jl JaJjJI ^J] p'^fll I j I ft -> »J TjLaJ' 
Ji5 — aJ^LuJ I . JC Lwal I J^o <iluilj] I p LtAj—aJ I Jlx) <U4iii p LiuV I JSjJk ^a 

.(£]l ..oL^jVl J* .-£*! - v I^Vl 

ij ^i -»' I p Ij-a^l iJS ,--* Oj ■ <■> 1 1 j I 1 7i 1 1 1 Jfl .hi Q i -> i plj •> -■ 1 1 JS 1T1 •» i o i n~i — \ 

• ^K^ J^L^° o>^j £j*^jj 
J>j oj , rt || <_^L*JI jl^II dial, oj, .nil iljl_«JI jljil j-i^Jj jl _,-|^l -V 

. 1 i-s -j_j^o *_i j_jlJ <ji ISJ I j <Lujj Lli I p I i ti'i J I 

. Lfjj^jj <i;_^= ^^ Ifj'jl iy-^>- >-*^}JJ ,^1 j'jJ>l ■-u^j^ (^ ^ilj-iVI -A 

: <j/_u <jl mill < i»i^i <L^LL ■-■! - ■!«"■ jljcl — ^ 
I jKiti Jl LjpjLtj < i a i *S j oLpj) .rtlL < haLaJI jljj.1 ■ » »k" 2 i a .< —I 
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oj . - — » 1 1 jlfLLI ScLi£ jjjjlj ^ a_cuLJI JaLtJI jj» ^j^aJI £__2*jjJI JV, -_* 
_> a I j " a 4_uu • . o ja ijj^- 1 0' '-' ? ' ••^ JLi ' " ' * 4-=k_>-*£ ^Jil i '" La ^Aj 

«_i • nj-aj] <Lu£ N . V ^JLs*. <LuC '.ArJj jaj pljA-al -> nil 6J*il CiVL-aiJ "LuG 
.<Uili; V , Y .Jl J^l o3j I_ > JJ(V I oVLo <JLa. ^ SJ.I 6J-A JJJJJ I oMi.illj 

j£a_. Ij-Aj Sj^-^JI jlSjl £*■«-?■ ^ ^ " ■ "■" ^J-^l p'j'l ,jj£j jl u*J -J 
— Cil unjVI — lajlj^JI) Qj.n II <UijSL«JI rr t-wipU a ill nil ■■> imnilL J jfl-t . 'ij jl 

_■-- ■ 5j_i_iSJI ciVL^aJI .j «! naLa. dlj j i 5aj _,j_*j iJL^, ^j (i aa '"Vlj 

»"i n~u n) jl /^jLul » n'i i nl I » i t-i~i 1 1 1 ij . --j-ijjjSJV I Qj),nll O I j >S n i *G I t"i i n V I 
I • - L^a j . A II _g j~i i n n jl£ ^jJ ( _j-a. J i J i nj j "\o <-uij) i nil <G_a.jJ £*JJ * > » 
Ojj^JI 4-^jJ £-*->* ij' '-'> '* J 1 **' '-i* j c eL^JJ-aJI Ojlj Ijl Lai .Ju.uiJ 
NX- ^^a. Cij-u«a 3-^jJ g, L-» ' " £_■""' '""' jL-L^VI jjl J I lia.V) JjLilL 
S> J in JL) jL-jVI ^■■■tjj XaJI IJA jc Oj^all <-^jJ Oj'j 'J| Lai J »_»■"_' J 

.(jjVl <Lla jl.iii ^Jj <_jj>1 jaJI lift jc SjLj ^Ij jjVL 

5 U i ml L_jij (5J-^J -<-oA£. ja ^j^aJI f- In'ini^U aj}La jl£ll jl£ lj] La <tijJll,j 

r-jjjj.1 a l.ti-^ ( Jc .t K"i 1 1 ._ ii_ij jl£LL 4 a l "i -> o JjSLol iji ^j^. I -> , 7 , I £-_j>i f-^} u' ij-*J 

<uK Ao • iLftbaJ I jSLaVl ^ jj-cjjllj jJ_>*<aLJI I flip « nin I jli oJ£ u^Tu jJ»J_j 

SjJtll J^LoSU <jjlka 4 tu2 Jl] ^ clbj /Ao jljflni 6J ■ -v j i"n") jlHI Sc Li£ jLi 

. J-i J . i' i 1 1 Jim l I j Jj LkjV L jj^joJ LaJ I j Xjm j i-tju V lj ijljirti I f I n"i i » jJ 

6jJ-«.lo <t_oj5 "tiiiaJI ^ji, jJb l _ > <al •> » T il Ja;a.J f-a jl^II J^'j pLt<5»Ji All ^g j"i nm j| 

J u injj 1 • Jjda. ,-i i=jjj_aji I ^ (J -4 (j^ij JjJjo-3 LJ I ja£.J (J ISl I !_>" li-a ^jJt Jnlll 
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oL_ijj_^3 jjl-jj V ^jj-^i jLiil ^ ^ ajj jl oaj ^jJI iLiVl ._a.nj — sj 

.iiL-oVl 6j^->ll 

<_a^>j jl a iAl jlSJ.1 ^ Lfc I J ■ "i"i Vl v_u»j t _lJI <J^>iajll <-»_a-S -UJ_aj —-a. 

. jjlSJ.1 oLu^ 

^Vl Jalxll ^jjSj ^^L^ujil <u-aLi.j ^J-aJI ^ Lal^iU Sjxll J^LaVl />_i n , nl jit 
jllll ^l> £-0 iiij-jJ. j^J J^ Jl uaj ^1 ^^-aJI J-Jll <at>.j Ci>^JI ij>S: >A 
•tfifutfU oVVI J] duia. 3_iij_ UJJ ll oVVI ^L j_a ^LliL Jaju <-u*ii jlSlI Ji 

.jjlSil oLuj^o Jc jjjj Sjj^VI aJJhj iwiiLjjVlj lul^cJI iijjj ^ic J i«i 

: ^Vl Sltl^a ^Laluj^U 6J«II jSLVl Aimn'i jit ■ la I dJjJj 

V^JI j^JI Jl JLsLLlJI j| ^jLJUIj^pLi^^l,^;^;^ J^jJI -1 

■ jit i ii^all jl i - i_i . lt 1 1 !_]] «UaJI ^ mull Sjjji ^Jc jjjj 

ijiiaJI J^Lill ^ l ^y_JLdl h n.'ilL L-aLij :j--~H <j>U ^lc Ja*JI • — ■ ■ -»_j 

.Cijj-aJI j ilirtn JjC a ,h« ill 

^Jl J^ajJJ o>i-aJI I » t -.fl_i ^1 oLflLJ.1 CAJ ^m-jL: JliA JjSj J| ,_,->_, -_a. 

1 1 « l aSL ^1 oLiLaJ.1 jl j_*iLJ.I oj-^JI iiLui_» ja dj^u « n "i ,,,11 jj] 
5j ■>->!! cjLjjLLi ^j_mjLu 9 LuL dJjj iitLaJ I JojIj^II Jj. j..<«'.I I .-. j .-^1 1 
^ ^\JLiji\ J^j \ : X Jc Iq-^>j£. ^l 5>?^JI J>k <-L^ui jj^iV ipj 

■ 5 j _ii . n l I oVL^JI ^i jijxll ^jlfij 6jfJ^' CiVLwaJI ^ ,_)i>_>*JI Jj£i Jjda. 
^-tljj ■ Cj J i n 1 1 j J , n m j Sj , s->ll aLaJJV d ■■ ..'ill , d ■,"■1^11 U'. I . -> 1 1 . ■ > , ^.~. <*.«• — j 
ili-ftLJI j£LiiL CjyJUJI ^1 jl.nll > Cj^JI Lil^JI a iJI ^.Ixi jl 

.jjSLJL jl ilL^JL p I__voj 
- ToT- 







**»>- j>J ui£» ^ ttuuMj ^jiioJi JS^SJt ( i -V) Jii 




3UL-N Ji.bauj>-.3jiJui£jrfiLiu-Ji JSLSiJi (r-i) jSi 
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Jilj oj--JI jV Jlkll J^jJI ^i o-JI > j^Jl oUI>II Jilj oj-JI jl 

^ <>"'■ ■■ a ll (^_^>.l 6^> **a.jJJ Oj—all ,_>i^JU Jc^l^aJI jV SijiJI ieHja^j J&Jj, oliljill 
J_tL^i Jl ^^j .^j-^JI JjVl ^ U**4 'ojJ ^4» O 1 ^ 1 J.^"" OM JJjJj 
^ l J j ja jj (J i- fc l _ > AxJI 1 ( .Ji j u ^ L-cu ^je <-iL^->ll J^l i^l^aJI j*oL-&a:VI 
> jLUI \ • oju Jx. ^ok. jj*JI Jc ^cV Mlo iAfo - J/, n -,ll ji ^L^,jl\ pIjVI 
dx^J oj.-ill ^l>c JliA j£i (J Ijl JjVl jjij^ii^LJI Jc i j*l. tf j|l tkv, 
jljaj LJU. jji, oS JjA J| VJ Li jli JJj Jil iiLiVL. jaJI lla ^ <k«j ■ 

L« olj_o _^i_c }Ul <la jpLJI c<>-<all tgj 'i ...i - c Jjii ^jjlj j^iUJI ^ ^.^jjj Jx 
^LlJVI k_i^.lj J^ f j n ■ r»"i dljjb JjSLj JI ^.j^j Ijl .^LJI { Jc ,_jC>UI <LLaj Ja J ...... 

jL£ Ijl VI dlj jLL. jjj . ?_. i_. ,,,^ 1 Uj-ill jlj.il JS caj Jfll^UI jK*V jlSil ^ 

■ Ci JkiII 1-^- L*^j>i jijJ Ainni'ill 
Oj-i-all a-»l>i. k-i5*-i iuJ^Jl 6J-*-o ilLuo y^J 0>ucJl ,_>olj^. JI Jlj Jl ■ jua l 

-stjttstl cJjLijVI ^L:l ^^ JJj JU L£>U .j.-^ii ^ 

<JL^JI JS^, jjli ji ^^ V dlj > ^jJLj LaUVI wiji.rtll Jt ^jLJ\ j^^-^l 
j- jV ,X-.\ jc Ji: V J^kJI ^1 ^j*i\ l^> jji; ji ^ iauoiHI 4„„\|l jj Lu^, 
ji ^1 ULJ.iL c^UJI j. ji£i f L.VI J] j4— II > j-Ji3ij ji o-JI <i^I» 
<1U^JI jj^x > 5_u_,jJI Ll^l j* Lj^l jl ^^ .<_^lj jJl^i jjfi: ^j^l LjI^ 

<JL-Jl ^jc ^ UB1I <xuu^l JI CuS Jijjj^il Jt 6Ja*JI LljjJI Jo'ljJ^ J^kil 

.\.Y: \ UJjLj 
v^i ^jifjH JUJI jV tsjL^JI Jlillj^ljl jliiVl > jLllVI ^^j 
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oj^all Lfxkij ^1 <iLuJ,l Caj jjil 1 Jjj; tf^iiVl Uim ll j»jn . /Vi ^ ^l jxj 

^ Lm&Jh Oj-"all ,jl£*l>-ui IjLjXV jtpU.1 0>-aJI C*J LflUullj tj u&jJJ 

j_iLll oj-uJIjV .yL^l^jJUlL-JLciAiLJI Jailj^JI >J uULuJJ 

^ CJj-aJ I <£jjoj jV <Ia$Sklo ia.jjj juSjull Oj-uJ I J>^aj Jj5 ^ n~i . nl , I ^ j J uijm 

<iili JL V. ^ ( jiil*lLI o>^lj ^U.1 






- cr 1 -^ 1 



■'all ,» 




^Oa«I M i a ^J t j ~ ~Lu>aj^ t ]jS3oj^ < ^(Y-~A)JS^ 





t^iisj i lajbkii > jjija\ 4^nji auui ,juj ( t -a) js^ 
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- Vol 



j* V.u r-j— - 11 r j-« Jc jtL^ i atti.ill J S_ > jjUI olj j i nfil l jli L«jacj ..- it . .i l l 

.<IL-eJI LL^ J OrJj jl£o J <JU "•>"' 
t 

^...11-11 ^.X.-.t l .-.j. -Jl J^j j^G ^j^i VI ^Ijj 4JL-JI ^LiijV i^JL 
V/V jjli ■ JS...II ^Liijl jli 5jj« m<JI oVL-JI J Oli vjljlj < _.aUH ^jji-^JL 

.Sj^SII oVL-JI <JU J \/X t Us#l j£y ji^ll 

jV Lfl^Lu Lj cjl > >iillj «_>LiJI Jlo ._aa ...1L SjjlLo gJajuii Ja*. jc. jLxl»VI uaj 

■ Oj.rtll ^Ljiil JJJjHL J^ La* "ULoll J <JJ>-a Sjjj JJJ& J ■—■ ." ' ■ "»_' ^Jj 
jiaj <ii, « n CjIpUjV jl i^iiu^ ^L^-jV <-^lj v_.Lii J-a£. Jl c^iaJJI <JU. Jj 

j^ Jil jl 1 '"' ■■■! ! 9 Lijjl 1 i» uo Lol ji a "II _>kl L-i^aJ jj£j jl -kj-'i-j ^J J- -^ 

^jVl o^J jl j>«-~?JI ^jb 5Ltl Lol i^-xll 6j>-JI j>a3 ,^1*. ^UijVI i_L^ 

U Sj^JI jj££ V J^». . . aa . ..1 1 £_L«jjI (^jL^uj _>*ilJI jJa5 ... i . n\ jj£j Jl v_c*j Ijlj 

jlaj ^Uj .( i-"\) J^i ^u, Ji>*->» gJJiHJ ^j^ JSLi* v."".' 'Mi J>f*eJ' jj' 

La^u «« ■■■» jt<L. jl ^=-; * Flutter Echo t£LJi <_uj_-Ji c.U.^11 ^: 

MjS J U-" 1 ■■ i£LJI c.U. JJ jLi LaJ iacLi ix^jVl oJl£ Ijl <uV i^jSU Ljl^j 

■ l./»Vl o>ueJI ,_>u£LO <L*Jca Jjl j; ->U .i.ll ilAJ 

jjc S I I .^M <_.L>J ^ oj .^»ll <Li>3j (j-* ^H"L^JI Jeulj_aJI CA-Joj jj^j jl vt * -' 
olj^-o L-ii - ta '■■■■_■ V jl£ Ijl LuoLkj Sjjj^JI oVL^JI <JLa. J 4aiLJI _iji_mJI 

>._■ -^ . I ,, i_.<.^.- ^j^, ji ... ?; i j^Vl i~s...ii JSLi ^J <e^LJI J^lj^JI jVj 

^1 ^^uI^jljVI j>iL« I j ifl LajAj ... a LtilaJI .-i j «■«-. ! I ^yJ] jJ . /il l jx oj— all ^j^Ju 
j ■ -^ ' "■ ■_ "■ Vl Jajljj^JI a j n .<-»~i -UjC. t- ta-I J .jjiilSaJVl *<Jjlj (_gjl ""' JojijjJI <Jjlj 
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«JQ4 

j* j^LH cj—ll jL-^ 0>Lj IjL. i • >i j^juII oj-JI jl— J^ jl^ Ij] 

■LT i >-^ 1 J^-' 1 ^ 1 0-j ^-jl jLlol \ • 
\... x( \. - I.) 

rrr 

,^1^. jl£il j>_.n . : jl*j jl uaj «GLi ^Q Ji* V- j* _^| ^Ul IJA jl £, ta.j 

j- ^j-^JI ^LUI ,>j V L^ ^^j .<jiB ^ V. j* Ji] Jl j^jll I j* J^, 
jt LLU« S^oll u- HI ^Lyl jLi dljl .Jaii ^ii^JI j^ ^j i^UJI i^lj^JI 
J < ar,> . .ki; 1SJS ji iia.iLj <JL^JI fjo . rt-, il^-u, Jl ^jjj <JL^JI oLuLio 

.<JL^JI Ja^ij J iaii ^j l|j Jj^all j^till j-J ^Lua.j <JL^1I 

o^aLio ^UU ^ Mci Jl j:u t^jl— ^ <JUJL otLill ^ji^, ^j j] 
ji j>u S^-iLi^ jjVl Jl J^x, j_iJLlll oj-uall jV <J? tl .. ...1 1 clliSj J^Ajj 
*4l* JxaJ cy-y<JI ^'>U ,^-UI j^aj Uxj)j i^UVl A^Uil J ^LaJI * ■ r ~ ■ 

v UjIai* iyij, <a-ijVi t5L> ^— j^u ji ^^mi j* j^j .c.j^n i^u ji^ 

AAL«ilj c>u _ > laILol > --iUJlloL ? .jjiL^ J j NqjqVI i -, ^Vl oVLJc.La.jj 
UK3 JIA. V dJj jLS Ijl £jJ ^^ j^JI |jj| jt JJ.I SjLj j^j oL^UJIj 

t rtrtMltlY-1 

jc 5j_^_JI Lx^IkJI vJ^i^JI Jl o^JI ^^^ iux^. ■ li ,,.! I r , flJ jl ^^ 

j^Jj Oj--aJI .j-1*;; (5^' ■ " ■" ll J^-i JfJ-aJ 6J_cU J-^.j:Vj .^j.^J.1 4 ■ .7 , ^ 

Sx^ oX-^ij; Jus jl^u ^KxiVI <ajlj t^L*: Lji^JI Ojlj j^U .!«>- -i. 
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<U1 mil j-i ^gj -^i Lo Jc 1 all ■% a Jj^ f l_>-ill lift ^ oj> ■ ^ 1 1 djL-u jj_i JULj 
}Lli ' a " ' I " I _-^ .a Jj*^ 1-'' <)'i i nijS Lai . ( jju I a is »_ia, jll I Jjjj r_>- t i .1111 iijj ■< luujjI I 

Jj, Vjj Jg ml Jl Cjjk-.II ^jn's »"il <UL^JL 6Jj^.jil ^^-ujljill vjji-i^a jj*j iLoVI Jj 
^n'sa'il I Cijuill ic-"j ja^Lj ^ i_ ui i uj r_^iiill 4 wti^ JJc jJ "- ti ' J] ojj-oJI £ '-r'jj 

J <M lj ~j_uJI 5jj_>II ■_ — - ' «-> ■ ( _ujlj^JI jjjJ ^■■i'iIL <Jl./-.ll JLaVl a>-JI jl 

Ji] jlox. j_A <Ui ._jjx._>ll Jl J^i iijJLj ■« n"i ..ill <L=Jj aLclj^s dlJj^j <UI .*-.!! JLo^JI 

j*aJj3 v l ■•!•> Jc Jlj jjl, jl ._■■>_■ V <Gi VI acUi! jit Jl <.l...u'JL <JL^JJ ^ -> 

Qim uimIm a-% -.11 jLfl J-ftl.t, o \ • • • * 1 ir") I inmnn <JL^aJI OJ& IjLa -jj(j n ■%!! 

^-ij .^-uujSiJ Til jVo -> -^ -> 1 1 jjSu X . . . jjjJI jt£ Ijjj -^j-^j^ J^l ^"a ^" . Jjuiu 
jj, iJ u^£ Jil V'aOjI a -.-.I I Jj£j 1 _ 5 -"j_£ \ • • ^jcjIl^ jjlll a 5i..ijll 0VL0 <JL». 

.ojiUI 

J_C | _y^U ) i_Sj_^ tjlj jV J J 1 -.11 oj-ft JC .1 ^» -Jl SjLj AJ-C- J m -> "l i il l I J^J 

elj^JI . a ■ .<"j iJL^all oljjS-ij ajlcjj lc I . ..AV Ij <jl i i^Hj cLiu^J a \ hi'iIL 3 a Kill 
. jL^a-IiVlj iJalU I v i .v. j" (JJj-Sj 5 aK~.ll j^i^. jji ._.j I U 1 1 I o', i, I (j a ,lAT. I ■-^■Ij 

_jjjj .-jj^u v_jjIU U OaJI Jc <ll ./-ill a-. -> 6jLj aJC jj-fl qIj-loII oJJh ,_jJJ <iLuoVL 

JjjLjJ! jjfcj ^Jjj^aJI « .-.jlJI Jxj ^ .-.'s -."ill Cijllill oj 1^.11 L^.U.1 jljll CiLaS ^ 
*■■ ■ ■ ■■ LilS a 1 . .ij-aiJ jl iuJ-aJJ A 1 1 h'iIL c !j_l^j ^yijjLlJ <JI ./-.I! 4 i -t^Loo ^ji >l-6-" 

1-^ -. j..«..i^. I nK <j| cilj ^1 1 a.r.1 .^j 1 nil «_i ^.^^l Jaj ^_)l ■ n -> JJC "Lk. a!^ I 

.p l_>i]l a-^-v jljjl InK . i«iAi oj-<-<aJI Jl jl oj) ■<•»!! J.Aal dJj jlS LJS Sll .^11 
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^i ,_ !■, ,■ " Vlj .<JLcJI ijl^j ^ ikii jit oLujIIxL^U f _!«■>"» ■_■;■■■"■ Vlj --.j.-^ll ( _Lo3 

aJ-A Jj_a ^ji ._ ii « 1 1*1** ^jj-—. iajlj-aJI 6JJb jaij j] O-u Lo IjLfl ■■LGj-^s "jjj Jj^wj 

* 

Vjj JSjijj Oj— aiJ <Uu<;ic jl iotlj jj£. iajl_a=JI JjS" j] ilLJI ol* ^ ■ .^ ■« ^jjajJ I 

JlS-iIiU CilcliaJ^j Cilj i m 1 *\"i Jjit tliaj^jljj I fl j If Ia"LJI .-. j.^H . -,". . 7 ", I g U ^ JJj Vu 

■ < . n I n ni"i i . j I U I I U'. I ^ 1 1 , d a I". ^. „ d , . .,.', ^ 

LiLJI J^t Jl ^j^l UL ^uljil JUi Jc <JL^JL ,^-ljfll Jj<.t,- ..... 
JSLij '- ■.' ■ ■ ■_> llftj ^^coljUl v_iji^a ( «_^» J ^ ^. -. t L ftl i JLa. ^^ji J£_i Jt ^al-^ll 

Oj_^aiJ ^yloj >ib Jt 5j>Lc Jllj> Oj-«aJI ^07. "u jl ^j-lJ.1 < 1 nn J^t <_ua_^a 
^ J« I -«H Jallj^JI J^t ^^j JJjJj <_j_«UVl J^LUI ^i JyJUJJ aLbj^io U^^ 
^aL^LoVI iJLc. jljAJ JojMj^JI oJJk Kl i n's" j>J SjJUU. Q.mjIj ii >_■«"■ ■ ■■ 1 .-.V I .^.11 
OJ— aJI jm^x; Jl .- i-.jfl (^>L»JI cJiJI Lol .i^lj^JI ftjjb f Llijl ^U 2. .■■'.H . ^j^J I 
J-*^ 1 C^J -jSUVl ftjjt die Oj— all Ljill -;ly^yi Jji, .'■■.^ d.aKI I , o ja.^l l l| 

<JL^JI Ja.b Jl ^jkll oJHI 5JLL JJjj ^iJiJI j^UI j^ ^liiiVI 1-^ .(o-1) 

• A— _>1L J^ix. jj» LoS <JjtlaJI ■ aja.^ll l| .-. j.^W ^ j.K, , ojjo 

.jjllJJ ^jilill J»SUI Jt <L^jJI »jji jj»- <JL«JL jjlL j=.j Ijlj 

^^LJII-I 

Ji-lj JjlLJI lift j^^JJ ^^Sj.o.j.o jl Laii-Lu iJL-a J JjliJJ J, -si I -_■ >.^.-.ll j| 
«<JL^aJI "U--ajl j£. JjlLlI ^ij^. ^Uijl ... » . A Jx. jjjjl ljj> Jj^j V ■-■_■■>; <JL-ail 

<JL^ <il£ j^SlJl Ji^] j^i 6 j^j| ^^ ^^ ^v jloSlI liA jt J*»JI jlj Ijlj 

<JU. ^ <iV lift <<I Sl . aa Oil^ jJ LaS a^^uj a Jbj^. dJL-a LfilS J^lLij <iaia ^jj 

<JL^JL Jj^JI t^-jUl jv, ^ ^L-l. jJ Jj-=JI ee^jill j*j jli jojUI j^i 

- n. - 



-*Jix 



^ < U£aJ. I jIjaIJ Jj^ all ^LaloVI JaLu» Ja^ujloj 



_ ^^a 1 hi m V I Jx l»_o i-ii nixa 



IjSjOJ \ ,flj ijUl ( JqUaUI <L i .uj = 3. 

^a.jlJI JV, i_i ■■■-.! .jLLol i i ii mil (■ Lijjlj Ijl^ \o x \ . I g - -I La il l ■ » i Jl^U 
^V _^jl . . Vi <_» iV , . . .1 1 SjLall Jj-JI .^oL^uVI L^ujJL* jl£ Ijl ^j-^II 

. <JL^JI 6 jjk p liol ^-jL 

(1 x \o x \.) x . ,\\\ 

.,Ux[(\ x\.)T+lx(\o + \.)r] "c*^ fifts**" <>J 

<iili • . A. = 

juL-aj <ILuaJI bin Ijl .<_iJlj . , A. = 5_uLj Jo Jij «_i_a.j_lll J_aJ jj ,*■■■ ■. . 

.<ja1*JI .-■l^'jllj .'-.. < -II 

j] .eL-aj^All J^lc ,_j 1 . » . i ^amiI I Sjji jiflj jl jl--ujl I d il •> I jj *-»j-?^ ■-■'■fl i jl 
Jx^Ij ^LLIJI jjVL i*^>iJI ^1 Sjj^jil jLijSU b>3 ,_.,,, .1 SjjjJJI • L^ill 
Jc .Jljlj <SUJI ^x- <jL^VI 6iA o-Ljjxi ji<u Vj .La^>»3 £~~JI aiij jL^VI 

6< cf^ »J^ li» .pLuoj^JI jjLuo- Jx »Lxa iU J >J^ J£ Jiu j] ^jLajJI 

.Lfal i-l*JI jSLVl ^j js^lj ^LJll ^ JL-li, i>L*$l ^.jxL 

tjj jV *L«1)aaJ1 jjLfiL* Jc J*JI ^ pLi»j^l Ja ^^IJLI <jl_*a. .ir.lji .Ll^Ij 



,_j<=.U^jLjj ^- n -i. i J I Jc ^^liiLu JL*. I 'll* o LiaJ <Ufi jn'nnj jl^o Jl 1 im'ii Oj"a J£ 
jUJI pIj-0-11 J Oj^eJI o^*i jl£H ^ SU-a. C-j—ttU ^»^ l^a\JJ\ 6 jj»j .^jJIj. 
«Ll«j 6jli JjX». ^ ^^jlj Jl ^J^aH f^jill i>J ,_^ j»^IIj .pLiill ^ ^i% ^Jll 
olj-*^»VI Ji n li n'i ^o JikliL <J jjiil Jo J^l j ft "mil lj] £_ia._>a]l Jaj jV .SjiXa » 

i^ urt***" t^ - -' 1 " ^*J "^Ji <J' VW ^ ^"^J -fJ*-^ J^- C&uai\ J«-^y <ajLII1I 
Jl <_u£ a^-Ij > Oji; Ju-u, ^1 iJLa. ^.j iLili j^.lj jt iao^JJ SajJ.1 j£L,Vl 
jaj Jt Sjiijli JaijjJlj . IjjjVi jjj ^i i^li; v . x ^jl*. 5J.I 61a jIjJ3j Luli; N . v 
■ojn-.ll LlxiSLjJI jljil cllJSj oj.i-.ll L-oLLI jljil <uSj -Sl l .^.1 1 . -.- » . .- ."II 

LJS illai .£_H-iU Ja^JI Jl J[>*-ajJI jlol Cil^iilll CSA JS ^ ^-t'lll ^Lo IjU 
4_uolII jljil 4 \ n<\ Ojlj LaJSj JJj-u.aJI ^j_a.j^JI Joj j\'j I >l< <JL^aJI »■- - jlj 
<xt*ij J 1 »!">■>"» CjJ )h-»H <^fi»UI j'jil jL LaJc .uJjj^JI « i-t jlJ I Jj»J Jjj I »K .-, j.^.ll 
CiL>_ujJI 1 _ yt i a.1 Qj ■ <*. 1 1 <_i-oLo J I \-A alii j ""'J ' "* ijjjj ■ ° ^ " ' I ■ I J ■ -» I . -~ " - 1 

. Ij£j»j <_JL*JI Ju. _ > iSi i.At^. 'ill oLJjJI ^y.-ml (S^'h LAtoltl Jx> ^i^i <JI_»JI 

J^o J^J SjlII ^ol ir»"i nl 4j hi'i _^jj Jl JjV -j uaJJ i^^UI jljll 1 « ■ ■ — j " jLi vllJjlj 
ijJUlll L ^ia._)lll Jj>J ,_ ! ■■■ ->_! Jl LjLaJuo fjll'j .<Jl*Jlj <k.»jlllj i.J.a-\l I oLijjjJI 

.iiilii/Jtjjjj oNX LAjljiaj iJc^ujlLI <jjjjJJ 

j] JoSlj^JI Jc I ( j 1 1 <, ji <J-iJ* Oj-^-aJl i^olil jljil gUJ JlJI «_il .,-,1,1 I > aJj 

>ljil .- m i -k ScUSLi Jjj^aJI ^j^^l JxJ, uLo. jS-iu JLa. <JLUII . jj ■ ..V I 

: JLJI J>iliJL Jj-aJI j^?.JlJI J-3 v Lu^ jl-jj 

<JL-JI *a^. x . .\-\N 



^j^uoJI ^yal.o'uVI Jx.la^ U.-^jlo X <H.-H <JUI ia.LJ.1 
•^^j'j ^U*SJ ' » ■ " .>> <JL-aJI Cil-kUi.m ^ Jn.t.'i <JL-caJJ iiKJI <a.LJIj 
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<tiU_0 CluiS Ijl igjlxl\ JJ-iJI j-0 < ~>."t 111 I C L-QJi All JjLt _>xk <ii*ll I tS.ilVI J >"'»"' J 

jiajl ) t_J^jll I d>jj^ll jl jLUL Jjj*-U ■ S t l-i -til JlLo Ojinll <lLojjj _jjC J I jji 4 Ui nljj 

Vj oljjVlj i^lj-^JI ^j-L OJ ..-.II <_ual_U J Ijl I A-uij ^J 6 j J VV I 6jlr.^H J?G 

.<K f 1^1 ^ f- Jjj Jj 4 "mo 4JLLio ^ « .Ajj 
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ABS - SOUND - ABSORBENT 
TREATMENT 



JjjSLljja^l*^ A^JI^ 1 -Ia%*JI J*^ iLua^OrUjCV Y)J££ 

£>u»ll JC 5- U j_.JI i-aj'flir-lTl ^^uSJlJ > rtrtnitl 



Ij] : dllj JLi^j .UJS3II j»S j*j c L<=j^JI jo JJi; ^1 JL>L=JI j* ijjiS jijj di^u, 

(*_'" ■ ^"'H jJ-» sL^aAII jJ& £jLi ^yk Jkj jjjll Jl .ka.jj i^jOa c Uj v_j1UI jl£ 

L, j^i. tic x»_uj £jLiil ^ lioUia J^^ill {J i>_ a jji, ji <ui ^Ijj jl ^ 
faf lu 3 < 8j" l <: il jl^uiVL £jLiJljJj_mi]l ^^ju iiUJ.1 ^j^i ^ ^ijll <u ^ ,,,,._, 

•t*^' •!)*■ ' J f x ? cLojiAjl ( _ > u^u L-olk Ifjlj-J Oj^-aiJ <^uSL jljo jo jj^JI 

*$' ij^'je 0' 'f^" J^W 1 >* <^i <=j-ifJI j^1*j ^iJ. jijo jLlLLI olc ,_lt>.j <JJjJj 
fcLJitha gS2 ^iljll 6ii ^ oljL-JI jV jj:^ J3 yJt^j j^jLi <^U ,_k jji. 



^1. 



£■ ■ " " J- 4 - - 'r l ^-fJ r»jl in HI jl Jj » ./ill jl J_ol_>_ftII c 



lj_^u a,! 1,1 iTi 






■ < - ■ VI 



jl <liLa.bLa £_o ^yiill ja f ja. Jail ^ e> U ^1 £li^i ^1 _>^oLlxll J-^jj 

SLilj-o aaj .^L-ij^AJI ^Lc UJLo Ij^^o j r. hj j^.1 .^Uj^J^L^JI jLTj jjLJ.1 
i—lil jljilj o>^JJ <Jjl_xll jl^ll ^1 1^,-1 ,„ l ^| ^s^ii tjjj iJLLJI oU^iUI 
oJ^e vfO^ 1 '-^J t 1 -^ ^^ C^^ J*t ^j o^^JJ <Jjl*JI jljj.1 Lu^'lj .o^^JJ 
> J^i {rU^JI d^L^sAl i^uJLj .cLa^JI LiUI j* oj~»ll J> du^ j* J^ii 

.lAL^JL, L^ji JJfi jhJJ'j 1 * J^ Lf^J l*fi»-< JUmL ^La.^JI jo j^_jj 

^a^j j^l ^^ai ^ L^A^ iUl J^LjJI ^j ^^uj <fA.ljJI Jixi jl^ Ijl 

•lt^- 1 l^ 3^^' >^? ^ tji* Je^ 1 <JL=»- ^ L^i Ijja« llAj 

jo ^j£ll> u»'jjVI J^l jl .jij Mi I fl . At! v-^Laj L^u^) qIj-n-JI CiilS Ijlj 

. ( _ > AaJI l (| . Ati <^.lj3 ol_>^JI oil^ Ijl (SjatV <fa.l>o Vj Ij ■ A- i 
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— : iilllll <JjLjlLL J ■■■■■■ 'II ■ S.~j.^.ll i^lj^jjl A jiill <n\i . »1 m-t ,jS^jj 

Jj>l_*_o (J -A O J I (j U i mjJLo jl Oj n-»ll <t_iuaLLI jljil ^^l . «-> 'i o j »< i ■ n'l ^y-A > ij ij -t 

. S j Lo j-o jiiS I oJ IS I J I IaJcm >ijSLa j I a j Loll -i j i . -i 1 1 J i . ^> jtll I 

cl .Aj .All ^gj"i ■■! o JjJj Vl »_i^_i» ej^-fJI >* ^jjikll jlS Ij] Jlj^».VI f-J n^> ^j 

.oVIi^VI oVL^J ttLc <fUl <JtUI Jli^iVl ^j 




iJjU ii-J» 
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Pl-AMP* <** MfTAL I.ATW 

50.wrw*o 1 1 mm rtxro 

.« WALLH AT FOUrS **»» 
■•MM ttrrHt "» i>**JC*~ 
Ut»L IV « * HO" IS* 
>i»>i-.r*.i 



WAtlS «Wf <* IW WTO* 



Kn.n»rrn ccmcmttc 
i**\tino rixx»«t CAPriro 
« IrUBRr* CUMH 







Air .-uwets (notini 



IKMf-UM nutTiTKW 

KIWITN M-AT« 



»Ujrr»iorc rifO* 
^nnn.l^JKlH 



-5U'<->J j>*~ 



5lil J a(uiiu«Vl t 3 ; ^^(»a»luiitujaa3«Jl l jruj(V- n) JSli 
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AICHI KOSEINENKIN HALL 
NAGOYA, AICHI JAPAN 
COMPLETED - 1980 





III » 3'« flOO» "IAN 




Subway noise 
in audho«ium 
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MS *j •■« j» wo 
1 «Ka4»* Hi** H*r .• 



OlMfNSONS *M0 ACOuSDCAi DATA 
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SAPPORO EDUCATIONAL & CULTURAL CENTER HALL 
SAPPORO, HOKKAIDO JAPAN 
COMPLETED - 1980 






3IMfcNS.CN!> AND ACOUSItCAl OA'A 
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BACH SAAL ( BACH HALL ) 
IRUMA, SAITAMA JAPAN 
COMPLETED - 1979 



3-0 flOC* HAN 




SlMti-SONS ANO aCOUSTiCai OaIa 



.1 MlON UMi 



DtlAlLi Of ilQt v*u «N(V I S 
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WAKAYAMA CIVIC CENTER HALL 
WAKAYAMA, JAPAN 
COMPLETED - 1979 
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m vt nat^A* 'A ' vc 
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KOCHI PREFECTURAL CULTURE HALL 
KOCHI, JAPAN 
COMPLETED r 1976 
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SHINJUKU CULTURE CENTER HALL 
TOKYO, JAPAN 
COMPLETED - 1978 
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NHK HALL 
TOKYO, JAPAN 
COMPLETED - 1973 
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SALA NEZAHUALCOYOTL 

MEXICO CITY, MEXICO 
CONSTRUCTION COMPLETED - 1976 






ACOUSTIC DATA 



VOLUME OF HALL (V): 1,111,000 II 3 
SEATS IN AUDIENCE <N A ;: 2300 seals 
AUDIENCE SEATING AREA! S A ): 15.000 ft 2 
ORCHESTRA AREA <S > 2600 (I 2 



REVERBERATION TIME '• 2 sec 
Mid-lfequency - Occup. 

INITIAL TIME DELAY CAP : 16 msec 
S T = S A + S 17 600 ft 2 
Sa/N a 6.5 li 2 /pers. 
V/S T : 63 
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concert hall 
dedoelen,rotterdam 
the nethertands 
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KURASHIKI CIVIC HALL 
OKAYAMA, JAPAN 
COMPLETED - 1972 
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aalt^^^ij^aiXxdii^i 



Richard H. Talaske, 
Ewart A. A. Wetherill, 
William J. Cavanaugh. 



Vern O, Knudsen, ph. D., 
Cyril M, Harris, ph D. 



Halls For Music Performance, 
Published by the American Institute 
of physics for the Acoustical society 
of America, second printing, New 
York, 1982. 

Acoustical Designing in Architecture, 
published by the American Institute 
of physics for the Acoustical society 
of America, fourth printing, 1950. 



P.H, Parkin. 
H.R.Humphreys; 
J.R. Cowell; 



Acoustics Noise and Buildings, 
Faber and Faber, London, Boston, 
Fourth edition, 1979. 
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gJa^XlJjjriHlY-V 

aawhi^^jyi uju^Tti.-iju^. t-v 
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<uiUaJ!$ ^lyoaJi hjhSlK -V 

L*_iUo oJ-a.1 Jjl^J-l <llt3 A-o ^LulA Jjibuj |>jj a 1 i_ulj-a_C oLuiJ &l_jujj jU .In-. 

* 

. <U_.-.II <liJI Oyj Lfjjj iJjLJI <S^IjJI ,_,„<:«_■ l_.n_.lal 
^1 (^Jl iuJ_aJI j . <~i ■■ II ^a ^..LUI jj-tj J-iijil _>j-t iiLUI cb> (j". ml Jl VI 

^ f j5_jJI ^j <tlAL=>Ji (JJJJ j5 (_5JJI <U>LkII «_a JjjLljJI ^>jLm) rr .-> . fTil <_fljjj Sjjj^^o 

LAjI JLa <5LLJI JiLjJLuJ ^ji SjLjj Jj. U^LL Lj 4-^Kl.II SjL_jJI Jt Sj^Lcj 
j^Jju jl£i iSLUI oU eilj] ! <ilkJI L^-ji ^iViuil ^lll oVUJ.1 ^i UajII SjL^JI 

' — tt l *i -fc o ^j-i ^ tt_iiU" .llj -aixll £i-> ill oLc^j-iaj-o jj kiTi I j Ita Loa J.fl". mil d K.T. « 

^ L^jj_jjiji Jjaj Jill ijjjJilJI <SU=JI Alj%"u.tl j nt.jlJ ,_ J JL JJ i j^t !"■- ■ iJLaJI cU»jl 

JjUl ^ Sj.AaJii.lj S-UAaJI <iUJI jjL-ia JjU'iiJ <JjU»_o JJjS *jj JJU Lojj aJUJI 

t>\A\ <£_^j c LJIjS J lj^JI Jlo ^1 ^ <>_,UII oliUJI J£ J^l ^ ^u^Jlj . 
( _n±j LJ I j j l-> .1 1 o 1 1 hi no »_i jjj a_o JS 1 "1 1 1 £.> 1 ~> 4-x^ Lu. I _)jk l^lAl I ^JS ^s ■_■ ■ ■ ■■! I jj < 

jlkaVlj L^jljja. ia.jJj C^->" ^-^ Cf* S-A^ 1 J*I>*J' <J—ijVl Sj<LII gjgyui ^ 

. itkUil jjbUoll j^ La^j 

t 

Ida. S_>_Ju-3 LajLii ^ ■t.Aj ^Ij ^_^.jVI I a aj ^ inn ^1 4JLUI Li_o£ jy»1j 

LtJiUJ ^^jJI £5LUI <Lui£ J* T • • • • /\ ijjj ■'•■j^ Lj'n.i 1 _ ) .in .oil LJ <Uj£i U S.../.II ■ 

■ ifl'rn . r. /XTjj^jij oiu_i->lij ^jVi jtk^i ^-uj ^ L4I0 y.iv >-*a1>j . ,_>..». Ml 

ijj.ua ^ vJJj iiu Ua..r. ^1 aLJ.1 clt . olU_i->llj olj_>-> .11 ^6^1 j ■ -^ ■" ^ 
^ ^.. n . Ml l iilL ^ /• . Yj_ > ^JI ^ ixlLi 5^ ,_j.rt'.l JL4JVI J>U. Ji-iZi jLkal 

- YAT- 



cLUc- ^-"'j- 1 ^ ^^ ' *jf jJ-Ij «JalkJI ija-uljiwl ixJjjj Iajj , 3'... I I a.ljla.lj 4JIUI 

. ■ — »_ g 1 1— 1 1 I 'J )Q~ » i < |*i i J nil <Lo It *> jj ■ — « . A j /^o " j^ " ■ La^i Ll_) 5 I i-s.1 1 

<...., ^ J 1 oVLail ^ 3jJ1> jl jLc « <=L_>fS : <j \Ai~A \ L$JKJ*,L iiLkll ^ i v, , „**■ 



jJ~JI .i.^-.-.v 
I Ulkll 








,I A ; L.LI'.II , .- :\y. I 

^ Ji. ULUI .,1, ,,.■.,-. 



J;> ,> /V. jjj UOJI f ljii_l iJUi ji_, 
JJtP j£*j _>L*j -iJjiJ aLil ^ ^ . ' , ^j <iLWI iiU .I'-'' 

(Heat 8 power system) 



Biomass iiLkJI i^iu, iucijj J^U.. 

Photo voltaic cells ■" .m i LjUJi 

Biogas j-U.jJi 



SajaaJ I jaib 2LaLIaJl SUatojI^L-l ( Y - V) JSL£ 
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i J" ft "1 1 ^jllj ^jA-a-Vil I Ui .All J^lalla J] «-ij^i I l-i* 1 All JjJaLlo ,j-o c 111 j| c l^jj I 

(J-1-0 i 4 > I VI 1 j I dV I b I i-Sfc . — Lc v-fcjj Li-oj t$Jh^ 1— LJ *-J O ' -J ■ )"- -^ '"■' ' t -J-> LS ' a A />o 

^jjlj ^La-jVI jJij ^iill <H>-^lj jl . 1 1 "> V I 4-=JjJ ^jjikll _L=JI J^c. Sjlj^aJI oLa.jJ 
■ » ! "' ~> n jji ^. 1 ->"' " i *i iiLLs ^ ftj-S^ J I O^J l-oj L^JJ-iiil ^ ajl j"\ niVI ^ji J'i n**n 

. ^l>Vi 

jli < l _ y Jt_jJLl Jj^jjj !>•**■ ■""■ >* SjLaxll ^ ^j.m iu.ll <*_ii"V a.1 ^1 ..J aj»l jl£ Ijlj 

Jc ■! .U .L-*." .-.I Ul ." -^ I M ■*. " I 1 "jf| j a-. •;-. V SjjijJ.1 ^jLil _s I ij nl \ -^ ~ . .. I Z i*.K pi 
Jj" - / *tJjjJ>l !_g j "' ' ' i n jj-H J 1 /1 1 1 rjj-Ioj ( jjJ.L I-11 -. 1 1 f-fljll J>-o I-J-ij .-.I <j~ . ■■! I <LitS 

j-« *> I ' ' ■ !'. " /> "i' l _y4- a ' ij- 1 ' } n " f J " ">"' J J ? n LfrA>^ 0"° J ■ ■^ ' J-^l 5-lijll ■ \» n 
• ij L^*' 1 J ' " ' ii" 8 JL 5 .' " *' jJ '^ J J iJ^'-J O ' " J>° ' "** CjI il mil 

jjj U. uja^j Lajjj , Ljjlij iculi cila=>j^ tj- 1 ^' jjJt j'«->"ij"> V -IjxAiJI ajLoxIlj 
<JjLLJI cJ*>t ()'i" il .< iitij*i «_o ill _il I _a <L"i-.n < 'in j-ijii J I jJjj ■•;■_' ^ cilj ^y> J i ■**, [ 
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L_- _UJJ-Jlj^ ^ . „"l ll _>^>jAj LlLu Sj innit.ll <iLLII J^JLL-ul ^^L-ul Jt _L_o JLlII 

. ( _fJ__U ■ •»_! n ii -ili ^^j-aL-JI -^=-11 ^ <_vj_i ajj 

-r.i - 



> . ipUl 




Jjr- 



«r 





Jon. 


Fab. 


Mar. 


Aor. 


May. 


Jun. 


Jul. 


Aug. 


Sep. 


So. 


Nov. 


t*L 


But 


374 


433 


453 


434 


407 


387 


391 


403 


418 


399 


356 


349 


W.*I 


371 


430 


450 


431 


404 


387 


388 


400 


415 


396 


353 


346 


South 


519 


413 


305 


173 


93 


57 


87 


161 


278 


416 


516 


544 


Norm 











34 


75 


91 


73 


32 















4rjdl idhe jwy- Jt i ^~jJi £ kxffl jjfjjt J^jji 




*/& p*y r-~> i 



JxlAS 4Ua*>,j4\ilLaJl ( U - V) JS£ 



- r.y- 




\x~ 



c g^i .u?l 



*-»Va-^U- 



c W_ji .141 



■__\i.j» o»U, 



111 



f 



E5£za 



TQr 



[II f 



_j^=i, 



Ojjj 



or—*— .»• ,»— j 



d^ »» J 




^J-** t*~t>*y! p— j jU. «_,_*; 



ij>>-t ^U. j;> 



%i ■.*.• * r.. i 



.jJfcjxoS £-«lJ>J aUa^l^j 3jt>*il 4^U.j jj ^b^JI iiUy«| GlAtaSl JjUjw ( U - V) J££ 



-r."\- 




Jutf** l ^" V 



f 



V£&-y^ 



Ju=- 






SjSLJI ^LJI oL^' ^a S_,l_>__l 4____U <J_U.I J 4ij__ J ll ol_.L_il £__>j -V 

<____:il_ 51 L_. ^i ^Ul J'j^ J] Je--_-J^ Sj 1 ^ 1 J 1 ^ 1 -5' Z L J l *-*■"*'* 

.(W-V)J£-_. <ljW 

-~nl 



i 



■<J<T- J> 



- j>«- t.— *' 



, : jjv—* t ^j* * U1 









(W-V)JS-i 

■ _mnM.ll _^> <J__JJ __JJ J_>_. O-L-l J--ij - 1 
<___! >»-- ^^a-^ '■» ^Ia"jl olj O-UJI _j_3 ^>Jlj ^jJBj-JJI CjL^IjJI ^Lal 

.(\A - V J5__) ij-<acj ^- I . . — II _i < ■ Afl-^'il I ^ul^JI <JJ _JI olj ___x_. 



-r.*\ - 



: _4j£l _jj"i*i*t T- V 

. iitiJ.1 j__L_JI <LaJLa_i ji <L_L_ <LI_c _JI iiLULi _— -IjJI Mjil j" ■■" r __-i 

SjLJI jj_>lill ^ •— Jjj £■£_■!•' jj-olixj L^ii^Uij _-jL— I p--&j ol— .1— -«l ,_>— — j _J-> I o iij 

: &_*ll _JI 

_j^e ^ •-_■* ~ Jj-" u^-' "oj-^- uj^ '- '_' "V _J_-' _- _-^' _*°J _ ^ 
jjLJI jjJI ^ _,.. n .t .ll ia_.il jLil. ^1 a . ■■!! <LulS-ol j-o v__J-aJI _-<> Jf-"> Jji-lll 

. (No -V)JS_5 




__L_i __, jjjjl _ ,,. , . t . l l _U_i.VI ,__=__; u.>j £_j>ll __ __JJ ^__j - r 

__ _i_jl_a JJU __. 4___>JJ dijj i—JjjJIj <__j__llj <jJL__JI 7.I Q -. Ijll J_ 6jjL_I I 

.(\"\-v) j__t obLill <__j_j _____! <j__i 3z__^_ _-Lli __; 



-r.A- 



i^Lilj «JjJ.I ijjfj ,^i *Saoll .jiiVl U a,..ll ^ otLllI £_uij -"\ 
<lh« olj ,yk dJU tLa a ll j l •> . v .Vlj . <e>f^ ^r^- 51 cr 1 *- Jb-^^'j u-^ 1 >^ 

.(T.-V) JUi,. jL-lVl 




l-.Uai 



^yiatau^u ^u>ji iUj-^j^jUuivi j»ia*iu,i ( y.-v) j££ 



-XW - 



JU4J 







(NVV) 




HI jL^I OlcUAVljL* yil^iAi ^i JittiUj ^i aj^ ( WV) J££ 



-T\. - 



SaiUJI ^L^JI 6Uil ^ Jxxii f US 4-L^JI otiUiJi > ^xuk >».U. J** o^ 

.(X \-V) Jli <l_^ li_«43 ^1 Jj-- C L_^II 




jUJI JjjlJ -'o,!i .Li! 



c^y-i 



jl L-Sj5fl JiUll Jl« £%/! <«tfSl tfjiSfl <^^JI cijil >^^ fUAJ -A 



(TT-V) JJJjWIAVj' 




ijU-li^Il_H.i,_, 



^^brl^l^iJ^^iis^iitixs^uaLkCU-VjjSi 



-T\V- 



Jut— Tut* 


ir-a* 


JL^ 






-*) 






JU 


JLi 


jl* 


Am* 


4^ 




Jli 


«!*j 




;_._. 

-•.-'/' 


Jtl 


JU 




X 


X 


X 


X 


X 


X 


X 


X 


X 


•• 


X 


X 


X 


X 


X 


\ 














X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


T 














X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


r 




X 


X 


X 


X 


X 


X 


'■ 


X 


< 
X 


X 
X 


X 
X 


X 
X 


X 


:< 

X 


X 
X 


i 

6 




:• 


X 


X 






X 
X 


X 

X 


X 


X 


x 






X 

X 


X 
X 


X 

>• 


V 
A 














X 


:< 


X 


V 


X 


X • 


X 


X 


X 


X 


\ 








X 




X 






X 


X 


X 






X 


■ 


X 


\. 








• 






>: 


x 


y 


X 


X 


X 


X 


X 


'. 


X 


v\ 




X 


X 


X 


• 


X 


X 


X 


X 


• 


X 


X 


:< 


y 


X 


X 


\r 




X 


X 


X 


X 


X 








x 


X 


X 


* 


A 


X 


X 


\r 





a^LL J tH 2US.U1I JtaLUIf ^ T ■ \ t >C»b t lLsaiiLc>.^U a (r-V)JjjL» 



- m - 



J .IS" ^j*-> Mjll »J_ft— ai ,ji Sjlj^aJI v_»l ■■■"i^V LojLiil jl^ll fl da "i ■ .. I -\ N 

„JiA\ JL~i ^1 t,LLk1 1+JjJ^I j^Sy . f k JS-i^ ^jll ^ iL^&il Sjl^JI 

.(Yo-V) 







lie La cjULajVI r • * ~- (_ji i_>^»j^' r*-t»j-u ,^-lc- ix^Lt ^^ jl^j» aIaA-j .J -NT 
^ISxiVI J-» < wuTstl SjI_^JI J^a3 ,i«a. .LjLik! <ui dilj Jj£j ^JJI ^yAJ.1 JL-i 

.(XV-V.XV-V) J<Li 



•oJUJI»-U 1 



i _ r- jJ|i»iI 



Jl i»ii ^zzzz 



»_S^.i*i' 










^jXlJk^^£l3L^ij3ji>3dj;tojI*II^ 



-Ho - 



.(xr-v) js^, 




.'■ - L .', 



L -> 



;«.; 



-•• :■• - 1, j> 




^Ijlll j_i5->'! j j .-n - tj l Ja ijUjJI ^^ ^iiiVl Ua.,,1 1 ^JS oLLlJI «_*aj —A - 

.(Xi-V) Jii j-i>aJJ iyflll <a*-4I fjc <JU ^ <jjlkil LJUaJI 



^*' 



<" U-i 




3Lu>bJI A^.1^11 Jjjllaj ( Yi -V) JSL1 



- ru 







,p#t^t&*»fl*^ 




jS^ Jj^j^ t*^* 1 ' J&'r 1 -^ 1 



^^f^r, 



**««W/ 



g2jlb J>Glt fMOfcH ( rw) j£ji 

S i-.M cljLaaJll j* ixjllU <t>~?-J J$jl\ JtJI ^i^ ^aj 

j'l £-aa^i J£ ^li i . . n jJj£i> P U" • J^l C^ 1 "" c$^ J j. < -»->N J^-" 



lUdmttf 




taill . i -iUl r ....vi i*il »u?i 



^jV tlkOI 



cr^VI *l£a*N > £l*i!>U m\Sm\ i£±UMA J2l ( TV- V) JS^, 
JU^i ^i dljj g-a^llj <Liil» itiVI ijjI^aJI Jlii <jLj_Lj <LuUI .-. 1^ I — I I . .Xj — \V 

4 " ii'i l u tua^j jiimmI I O .i. T j I j_o «b I n -> II j I -> 1 7i V I i °j; ° ■ -- jj> jj lj ■ ■> J »«■ *_o '■ -I I 

.(XA-V) JSoi, ^Ul j,c >JI jAi^ ^ ^U- 1 gU,..ll 



_iJI _1> -e— '«{ ji ; 



\^r 




tgrSSsz 



Ju_ui oU' 



«u «r . 



cr i^5Lu^b^Ul > « a LoiJljC»ljLJJl ju^j (U-V) J££ 

O ' " I jtl. l*>""J J-it I (j'ir j nn i Vil l 4 t m j! jx <Ljl o -.11 Jj-=J. « ■ " -~ "II OJC ■ a I" ^"~ 

.UtiJI ip-LUI jLL^U <i,LJI oLJUI! ^> JS 



- nv- 



-ru - 



iUa£j 4 ...<«>! I <-*_iVl J* 4jLo^JL ^ .V. V. iiiUJI oLJL.ll jl j^iljll j>j 

■ ^■■.n.Till iciiV J>U"n.il (j-fQ^I jjiiVil m>1' 3."""' 




jykuwu-i 



<*"\ i 




*iJI plxaa-Jl ^Ijll J.IU.-.I I 



^o j attic (_§! JJi L>4-^ ^^ v^ 

'*' .' '" " ' "I I Cil « n % II iJ Jt Cjl^J_)_Jlj 

^_j — « i >i "i 1 1 <J_a.j_o <i_>ljj V.. vJJjj 

^1 s-* Lit > ULJI Jill 



I T 1 ""' ■ " £-*^-° 




^j l » < , * jiC)ijL^ai^ t j(r» -v)js^ 



3u-^U) iitUN (»a*i«j i^Lu J>». jijil Ju-Uj ( <n - V) J££ 



-XW - 



-r\A- 



iksLJi j>iy! jjj^: yi Solar Window <_,,,.» ,t,ii sjiLJL a-, k-... ^i j<» tJ 

iflLLJi 4_l1£ ^Lo-uJ! JjJJi ^ ^yaiJUj 4 w l< , l q. l .tJI ol» nail jjJt ^ijil j^cLlc j^ 
.J "" ' "^ jLjja-o LU-lJ jfLuj I fl"i .n lj,l v_.^lkll < flU'ill J\ ■ ■■ - ■'•■H A-a-ail La\£>_o 

u^jii jj^. ji^j .ik^jj jU-iVij ^l-jj ^jUji jj^ji an* ;l_aJi ^Jc 

ix* £11211 ^j ULu-=. o^lUI j* Lu_>ii) ^^jJ! ^j ^Ll^I >> *-H^-' u"^ 1 
t^J' Sjj>H <L*_J.Vl jJia^j SdiLill J& j_o ^^uj a_ i ^ a _ > liil <iUoSj| lsli\ Ac t •- . 1 1 



i- l»i}l Jjj>j ^l^\i*i J^i «j l«J*_ Bu< nup i--^'' , "•<>•' 




ikidl ^ il=iU J}Ui JUa ^ siiLJI Js, ILSL^ jMb JLu> j^i sliLUI 

.^■L^JI jjj'G — 



i.^lallj <jjlil oLJkiil £_« 3j...n.V.II <I\AJL ^IjJI UjUVill ^jLLu Vl ,_>■>_! 
_S 5..iiii,nitill 3-jjLLJI Jj Sjlt'imVL dljj 1 n jj '■ 1 1 J^aSjjJI '-■•> ' >i)'-> » ^jLaJI kili-ylH 

^L Lo_iij <La^l_kj jll^l J>» iilliJI LjJ J>ljVl .-.I ..I i-^"....V <_, .„LlLI jLQll dJi^ 
(r\-v) Jlxi, Base Map ?_■ ■■■< -i i^j-i. jIj-^Lj i-. J u-^ -i f ;_.!.»• |j_u - \ 

■UJ->"n dJjj clljj I .al^Aj.Uil — I 

JUU...M jSUVljJjJ.1- 
jjjJSJ I j o I * S3 j 1 1 — 

li vJJJj L^JijAjj ^Hrtitill "U_iil J-%t"i i JlJI jj^ollaJI — ^j 



Jkll U «...-. 01 jl^ Jil\j <J SjjUJI cLSUL jl ^L 5JUJI _^LjlII JS - 

J I i8"in.l ^ <4_i» .A (£_>^-l ^3^^° C5' j' JLa^JI aLaJjl ^ J jj. I Cjlj jiaLill — 

■ ^■■■n.7.11 £l*-iY' 



- rx. - 



' - I^J I "Lic_^j — 

. *jjjLcuA. b\ ' Q ■ -*» j fll <j vJ J j"> n ."».ii-Si c I o-*-u .^jY I tt ^ t.u <A_LiJa — 
.^Lu^kJIjaLllj JUJI Jlo iuuSL«JI rrU.uVl - 

:Jio ^-5_^iL ia^Lc LgJ <_£_>iJ j^olic ijl - j 
Uj^^i <jjl£_o]j <JaLUI j^, Sak'ill oU.LlL».I - 

p l_l_o Ifl-A-O -~ 
.rul ...p Ljj Cj Lfca I x ^ i Vi i — 

_c<al jj I J^o ajla i"l > i il a_i_i Lo L j-Aj A_Sj-LL> c LUI Qlj l-» n rr iAjj : jjJjV I ■''•j "- ' I 

obuj-il jxla^ L$Jc pLiJI ^jlJ.1 j^LaVl ji ijjilVl jSLoVl j] pLlJJ •IjJL^.Y j±c. 
oUjjl-jj g j . .. . o ,'-J I <5li=JJ Jl .S". ,,,i\ Hit i All j^LoVl £-~a>i : iulSJI <x. > «^J.I 
< t-k_i_ > _iJI Jjj — a a " ^jA* ill l_$ i A * i Jjj s 4 al a .till U M j aJ I «- . oj'i — i 

j^j iuUJIj ^jVl <£«AaJ.! ^ <ajJ5ji ^ La JS jU mi„I ^j Overlay i^LuVl 

.iJLaJI ^ £*jLL &LL>iil jSLVI 

<<— =JI i^iH J^LoYl rt-^aj^J <Lkj_^_=>. jl.i-C.1 ili <_lil ...J I S^kiJI ^vuLi-ul ^Jc — 

■ ,. 1 1 1 ft i "i 1 1 .t-i i l-i -. J 1 1 



j I j"i~J ijj^J ** « !"■->! I j^j^iljVl oVl m"i ml Jj l->") *2i <Lkjj^~JI clJj ( Jc pLu — "\ 

. I (j") , iu ljj jjLuJI ^ . u , n , i7 ill t— i i I— » —fc *» 1 1 oUalj" itiV I a.L I j » a I j a 



-W- 




i i 



II 






s 

i 



\ 



*LLd)2LxJUJtjSUVlJLJLl*i(TT - V) JSLi 



- TXX - 




(ro-v)js^ 



- VYo - 



<»/t> 





jljiVI *_o Jala i a I 
2Uu«miJI SItaLJl ( U - V) JSLi 



-r\£ - 



-icujl^JI <J£ -vej-*^ 1 -£>° _ ^ JI f^ - " 1 -" 2 " ^—j^ <-"Jj J fr^J- -<iUJI 

Treatment of the natural centilation for residential Prototypes in 
Egyptian' new cites, using the numerical evaluation. 

\*i,\V — Sj-aUJI - djj^j ilLuj 

2..UI I -,_,-<! I jJUSjUJI J]=L>1I Sjlacj^LdLl :^l>« -u^-^j JjSJI jfi^ - f 

. N<\A<\ S^j>U1I -GJliJI 

Reseanch and Development Report from vatenfall Energy -t 
ahed, 1990. 

Institut fer lands chaftptanug Umi. Stutlgant, Bullting 38, 1982 - o 
Brenda & Robent Value, Ohologische Anchitek tur, Frankfurt - 1 
1991 

,Cj ' "» — - 1 1 J.*-l.u J j Ua — V 

Climate as a factor on Design & Planning of Building Clustrs, 

\AV\ — S^ LSI I -aljj^a <JLuj 

Architectural design no. 111, New Towns, London 1994 - A 

Joseph de chiar; Time- Saver Standards for Site Planing- - \ 
Mcgraw Hill Newyourk, 1978. 



L' Orditecture d'anyord ihiv, Anchitecture du soleil- May- June -\ 
1973 



- TYV 




wm®M sMrara 




/R £.£' 12? toy " j-jtj& 3?3 



- rx^ - 




JiAll ^SU'31 Ji'J 6ji)sJI -Iajj (I U ^) J)» 



Leca 



^.U » ; Mt:nLH 




UiiVp^— Vi 




/ 


li »»_ . 







VL*-»i. XA c ^^c'kji. OAT 

l+Ji^lJjIi-JlliSj 

Ov- =\-'t' ril VAT= 12(10 VAT 

T f/f-*£ \.T = .l^ + JliiliS ( i! n 
2.3 n VAT 

Energy 
m rri ,. 

J.I K J 

(pCpL) i 
Research 

Flit 



UwJ'l 



Loca 



,1* L.— — iJI UUJl 



v 






£. 

A* 



V I ■ A XA-C ^tijJ Ja-i J-A« 



V = sC~, VAT=I200 VDT 

^f/f-^i N .X = .!>«JliitiS J 
2JnVDT 

\ - <_cLu. 

Engerg 

m l(i ) 

ial K 



(pCpU 

Reseanch 
For 



\\Y/\\\ 



x. . 
x.\ 
x.\ 

X. \ 

x\. 

XX! 
XXA 
XXA 

XXA 

txv 

TXV 



